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LETTER OF TRANSMITTATL.

Bosron, MAss., July 9, 1883,
Protessor W. P, TROWBRIDGE,
Oolumbia College, New York Oity.

Sm: I have thoe honor to submit a report upon the water-power of the region tributary to the Mississippi river
on the west, below Dubuque, The country thus embraced is of vast extent, and is traversed by numerous long and
rapid streams; but, owing* to certain features of surface and climate, these streams do not in general offer large
available water-powers. The great arvea which they collectively drain hag within recent years been encroached
upon by settlement and improved by cultivation at & most wonderfal rate; but, as is natural in thoe earlier stages
. of development, manufacturing industries have not yet been largely introduced, and the demand for power is still
limited. Novertheless, where it has arisen, as in the case of flouring-mills, almost the sole users of water-power
beyond the Mississippi, the streams have very generally been put to service, and ab seattered points, such as Cedar
Rapids, Sioux Falls, Lawrence, Arkansas Oity, and others, the development of powers of considerable relative
importance has been undertaken.

The examinations upon which this report is based were carried on under your direction during the winter of
1880’81 and a part of the following spring. Various difficultics were encountered, arising from the rigor of an
unusually sovero winter, the lack of convenient railroad communications, and the paucity of recorded data such as
might be found in a section of older settlement; but sufficient information was perhaps gained to give a fair idea
of the characteristic features of the principal streams and their capabilities for supplying power. The same system
of estimates elsewhere followed in my reports, and explained in detail in connection with the report upon the region
tributary to Long Island sound, has here been continued.

Very respectfully, ‘
DWIGHT PORTER,
Special Agent.
283—vit



REGION TRIBUTARY TO THE MISSISSIPPT RIVER ON THE WEST,
BELOW DUBUQUE.

I—THE MISSOURI RIVER BASIN.

GENIERAL OIIARAO’.L‘ERISTIOS.
1,—POSTIION AND BXTENT,

The aren included within the water-shed lines of the Missonri viver comprises o great tract of country lying, in
the main, northwest of the centor of the United States. It stretehes from the more immediate basin of tho
Mississippi, on the east, westward to tho main ridge of the Rocky monntaing; on the south is the Axkansas river,
while to the north it extends into the British Possessions, aud is lHmited by the bhasins of the Saskatchewan and
Assiniboine rivers. It lies approximately hetweon tho parallels of 370 and 50° north and the meridians of 90° and

1149 west, and measures about 527,000 square miles, distributed as follows:
Sguare miles,

Dritish Possessions.eeeas wnens e ne b arna . Chmennneens R, N 15,000
Montanf vuen vacnn vmer e ke nane . ana “renmbeceranavannn A s enstammmnnaana 1821, 800
TWYOMINE vevn et vtennarnns cncanesnnsnn snnson O VT & 8 11
DAKOTI caaemn tecne mene e vmssns mmee sun o esranaas aase Nhnaen kb Nara nmry asasnn nnusrnueenabus nanaue snnaenns 110, BOO
MANDCHOLR « e v vnv cvvn ceen eamanncmmnsncns sanaannmes P ereeenrmuaesernan Ceedviassrraann Cavewaneenns 1,700
Coloralo veecnninneciiannes v R beeraresunan B R, cevanns Cemnarearnedannn snanws 20, 600
NODIaskn oo mmee sncaveanucens Y A e mana s fenwa ey bannss . P T & A
J0TVE) weim e s e pmmmon cmoans cmss sumans b anas e mne maah b E AL hkns Nk en SRR NS A mEaS R aAn e ANy 17,400
JCATIBIG - v eave cewnomonns snns smmmes mamssrnncamnse manssnnnne s amas e e vanens weertammnnovan nnsennnesnann 40,0600
MiBS0UTE enee wevnvanane cacnneanan ereeur atannenvars o et caumaa e eenanenanun veenetnmannevnnearenan nnesea 30,000

527, 000

In regard to its location, perhaps the most important facts to be noted are that ifi is on the leeward side of a
chain of high mountains and is remote from any large body of water. Af the nearest approach its boundaries ave,
in round numbers, 250 miles from the great lakes, 500 miles from the Gulf of Mexsico, 500 miles from the Pacific
ocean, and 600 miles from Hudson bay. In consequence of 11119 land-locked position, it follows that & wind from
any quarter must be robbed of mueh of its moistura before it ¢an reach even the confines of the Missouri basin,

2, —THE MOUNIAINOUS SBOTION.

The region whieh we are considering may, for convenience, be divided into two parts—the mountainous distriet
and the prairies—the former of which I ghall first deseribe, Entering the United States from British Ameriea, the
great range of the Rocky mountains passes down with a qouthefmtul; trend, its main ridge forming the c11v1de
whicl separates those streams flowing ultimately into the Atlantic from those wluch reach the Pacific. On either
side of this ridge, or “ backbone of the continent”, are many minor ranges and spurs, which extend the mountainous
section a long distance east and west, In Colorado it lies mainly west of the 105th meridian, but in southwestern
Dalkota the Black Iills carry its limits nearly two degrees farther cast.

The resources of this division of the Missouri Dasin are almost umommmble. Seattered over nearly its entire
extent are deposits of gold, silver, iron, copper, and coal, of unknown magnitnde. The mountain slopes ave densely
covered with pine, spruce, and cedar. As much as one-cighth of Montana territory and nearly one-third of Wyoming
are said to be timbered, Neither is this section without agricnltural value; scattered among the mountaing and
situated along the river-courses are many large tracts of prairie land, finely a(hpted to grazing or cultivation, Of
the combmed arvea, of Montana and Wyoming 30 per cont. is stated to be mountainous; o total of 45 per cent. ig

regarded as snited to grazing, and 16 per cent. to cultivation. o851
),



2 . WATER-POWER OF THE UNITED STATES.

The average elevation of Montana above the sea is given as about 3,900 feet,-of Wyoming 6,400 feet, and of
Colorado 7,000 feet. .Above these general levels there rise the mountain peaks, which attain altitudes of 10,000 to
16,000 feet above the sea. On some of these snow is found in considerable amounts, even throughout the summer,
Wlnle on all it is retained long after it has disappeared from lower levels, It thus serves, to a certain extent, as a
reservoir for maintaining the flow of the mountain streams. After the snow has disappeared, however, the steep,
rocky slopes of the mountains quickly shed the heavy summer raing, and cause rapid ogcillations in the streams.

A. goneral similarity is to be seen in the streamg which drain the mountain slopes. They descend rapidly, and
in their courses through the mountains have often cut their way down to great depths, forming narrow cafions with
almost vertical sides. They present certain advantages, and certain disadvantages, to use for power., Their low-
water volumes are, as & rule, too small to furnish powers of magnitude, and their valleys are much of the way too
narrow to afford convenient sites for building. In the wildest portions of the cafions tho rocks rise up almost
vertically from the water’s edge to hieights of 500 to 2,000 feot.

The mountain valleys do, however, widen out ab mtermls 80 ag to give sufficient room for building purposes.
The beds and the banks of the stremms, being of solid rock, offer the best of foundations for dams, and the rapid
fall renders it possible to make up somewhat for the lack of volume by increased head. The courses of the strenms
are the only practicable routes for railroads to follow into the mountains, and so in one or two cases, such as the
north fork of the South Platte and Clear ereek, we find railroads thus built, but usually the mountain streams are
destitute of' railroad facilities. They are subject to sudden rises -at times, but the larger streams are seldom so
affected as to be dangerous to properly located establishments. A few lakes of small size are found among the
mountaing, and might probably be improved for storage. On issuing from the foot-hills these streams ave, in most
instances, drawn npon for irrigation, which is of much more importance there than any use for power,

3~THE PRAIRIE SECTION.

Tho sccond great district to be noted in the Missouri basin comprises the prairies, which streteh eastward from
‘the Rocky mountains lilke a vast sea. They, of course, present varying features, according to their location, some
being mueh more fertile and better cultivated than others, but the following description Dy Captain William
Ludlow will convey a good idea of the less favorable portions of Dalkota:

(@) The Dakotn prairies hnve hoen ofion desoribed, but their goneral eharacteristics may Do briefly stated: A rolling, and at times
a Jilly country, destituto of wood, except small quantities in the eroded valloys of stroams, and éovered with short grass, The horizon,
bounded overywhere by the undulating outlines of the surface, and varied oceasionally by some more dominating elovations, which
constitute the landmarks of the traveler, and aro called buttes. The summer sun shines from s generally clondless sky, o purity of
the alr gives its rays groat power, and the thermomoter frequently rises above 100° in the shade.

Water is seareo, and almost invarinbly alkaline, evon in running streams, from the presence of a salt which forms o component of
the clayey soil. The rivers aro smoll streams, of great comparative length, whieh, from absorption and evaporation, shrink in their
downward course, and are frequently dry at their mouths, while flowing freely a hundred or two miles above. Tho sensons of spring
and fpll aro excesdingly brief, The winter ‘snows are rapidly disposed of in the spring, and rainfalls are unfrecquont until eold weather
in the fall, which soon again merges inte winter. By July I the grass is full grown, and in another month has turned dry and yollow,
cured to hay upon the ground and readily burned.

The great cxpanse of the prairies has a gradual slope, imperceptible to the eye, toward the east. Denver, which
is but o short distance from the foot-hills of the Rocky mountains, is about 5,300 feet above sca-lovel; advancing
directly to the east from this point, we reach the Missouri river, near Atchison, at an elevation of about 800 feet.
In this interval of 520 miles there has been an average descent, slowly decreasing in rate, of approximately 8%
feet per mile for the entire distance. This considerable surface slope has tho effect of giving the streams a mpld
fall, and also secures a good drainage to the soil,

4,~—~GLOLOGY.

All evidence points to the fact that for long periods in geological history the praivies of the Missouri basin lay
at the bottom of an inland sea. In the Tertiary period this sea extended from Texas northward into British
America, and stretehed from the foot-hills of the Rocky mountaing eastward beyond the prosent Missouri river.
On the bed of this sea were laid the Pliocens deposits of the Tertiary.

In the Champlain period this sea appeared contracted in size, and over the Tertiary deposits left its burdens
of transported Drift. TIn still later times, when the inland sea had taken on more the appearance of a chain of
great lakes, extending along the course of the present Missouri river, the Drift of this section was in turn buried
beneath a deposit of Loess.

The Pliocene deposits of the Tertiary form the surface materials in western Ncb aska, and are found in
northwestern Kansas, extending thence into Colorado. As stated by Professor Samuel Aughey, they are nearly
2,000 feet thick along the foot-hills of the mountains in Colorado. In that vicinity the material of these deposits
is exceedingly coarse, and is largely composed of conglomerates. On the sonth side of the Republican, in Harlan
county, Nebraska, Professor Aughey found it made up largely of lime mingled with siliceous materials, and on
the Driftwood, south of the Republican valley, it consisted of loosely-compacted sand and pebbles underlaid by
limestones an(l marls,

" a Report of a Reconnaissance of the Black Hills of Dakota, 1874,
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In northwestern Kansas, Professor Mudge remarks that——

"The material of the Pliccene doposits consists of sandstonos of various shades of gray and brown, cceasionally whitened by o small
admixture of lime, The lower strata are usually composed of finer sand than the upper, and arve looser and more frinble in their texture.
The overlying bods are of coarser ingredionts, consisting of water-worn pebbles of metamorphie rocks,

Hast of the region just deseribed is found the Drift, overlying the Tertiary, and composed as elsewhere of cl&ys,
gravels, sands, and bowlders, In Nebragka it ranges in thickness from o fow inches to 75 feet, and in Xangag is
about b feet thick, occfwuomlly increasing to 20 feet. The smaller.pebbles and gravel of the Drift oceur in Kansas
as far south as latitude 88°. The material of this formation is widely diffused in Nebraska, but is scldom exposed
in large areas on the surface, usually being covered by later deposits.

The Loess, or Bluff deposit, is met with overlying the Drift, and forming the surface material over a large
portion of the country neighboring to the Missouri river. It is supposed to have been deposited in the beds of the
. old lakes which, at some time, stretehed along the counrse of the Missouri, then, as now, a very muddy stream. I

do not know that the entire boundary of this deposit has been aceurately defined. Dr. G, A, White liag shown
clearly its castern limit in Towa, where it extends, at the farthoest, 50 or 60 miles from the Missouri. In southwestern
Towa it attains a depth of 150 and even 200 feet.

Professor Mudge states that in Iansas the Loess has o t.lnolmebs of nearly 1256 feet at Wyandotte, on the
Missouri river, gradually thinning out to the westward till, 100 miles away, it almost disappears. It is said to
prevail over at least three-fonrths of Nebraska, ranging in thickness from b to 150 feet.

The influence of these geological formations on the valuoe of the streams for water-power is important. The
Loess is very permeable to water, so that vains falling upon its surface veadily penetrate it. Its composition is
almost preeisely tho same in all localities and at all depths, and water percolating through it will sink steadily
until some impervious stratum is encountered in the underlying Drift. It may thus sink much below the beds of
the streams, and fail to appreciably inerease their volume. Someo of the streams flowing over the Loess have cut
their way down to the Drift, and receive the beneflt of thoe water axrosted by that deposit; most, however, have not
succoeded in doing this, and suffer in consequence. The Looss material is fine, blaek, and siliceous, and the stroams
running over it aro characterized by muddy beds and banks, entirely insuited to dams of ordinary construction,
and rendering neeessary, in many cases, struetures of brush.

The Drift deposit is well supplied with springs, so necessary to the maintenance of & good low-water volume,
and occasionally offers firm gravelly Deds for dams. Underneath the surface deposits of Drift and Loess are found
sandstones and limestones, many of which arve of the finest quality for building purposes. Some of tho streams,
such as the Blue river of Kansas and Nebraska, have cut their channels, at points, down to these strata; but, in
general, the river beds are either muddy or sandy.

The effects which the Loess and Drift deposits would naturally have elsewhere upon tho flow of the streams are
modified here, from the fact that mueh of the rain falling upon the surface of the ground is unable to penctrate it
at all. It must be remembered that the praivies of which we are now speaking are nowhers level, but everywhere

" present a rolling surface, which easily sheds water. Although they are covered with grasses, umber is extremely
scarce, and west of the 98th or 99th meridian is seldom seen at all.  From the report of the Kansas state board of
agriculture it appears that only about b per cent, of tho entire surface of that state is timbered. The ground, thus
bare, has been exposed, for ages, perhaps, to scorching suns, dry winds, pelting rains, and a pounding by the hoofs
of myriads of wild animals, till ib has become almost impervious to water. Under these circumstances, rains which
otherwise would gradually siuk down through the soil are shed almost immediately into the streams, and render
them very unsteady.

A valuablo remedy for this evil is in fhe increased cultivation of the soil, which breaks it np and renders it
receptive of water. The benefits thug derived by the streams do not admit of doubt. Professor Aughey, in his
Sketehes of the Physical Geography and Geology of Nebraska, gives the results of his own observations upon the
formation of new springs and the increase in volume of small streams. In Kansas I took especial pains to inguire
into the same subject, and received everywhere uniform testimony; on the Repubhcan, Solomon, Smoky Hill, and
in other parts of tho stato these phenomena have been observed. New springs have made their appearance, and
small streams which fifteen years ago ran dry during a part of the year, now always contain running water, and
have extended their low-water courses considerable distances back up their valleys. These effeets have been
especially marked in the Republican valley. In Cloud county, Kansas, on the divide between the Republican and
Solomon 11vers, water could not formerly be reached in borings, even at a depth of 100 feet, but it is now reudlly
obtained 25 feet helow the surface.

B —~GENERAL FEATURES OF THE PRAIRIE STREAMS,.

The streams which drain the prairies display numerous points in common. So far as regards their capabilities
in the way of water-power, they may be said, in brief, to present many unfavorable features, while they at thesame
time offer some advauntages. They do not exhibit abrupt falls, but descend with a uniform slope, frequently

amounting, in their upper courses, to several feet per mile. Although the dams {do not usually thrc;xew; the water
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back s0 as to flood beyond the banks, the backwater extends far enough up stream to really give a very considerable
storage. Where the streams are able to carry off their flood-waters without overflowing, they admit of a very
thorough utilization of their power, sinee they may be improved with almost equal facility at all points, Again,
the level bottom-lands whicl border them offer the most practicable routes for railroads, and, consequently, wo find
& great many streams skirbed closely by finely-equipped lines,

On the other hand, the beds and bhanks are, as I have elsewhere said, very nnfavorable to the security of dams,
Where not muddy they are generally sandy, and are frequently composed of a very treacherous (uicksand, as in -
the Republican and the Platte. The head to be obtained is, in general, no more than the lift of the dam. The
Dottoms bordering the streams range from 1 to 3 miles in width on the smaller ones, and are sometimes two to three
times as wide on the Jarger vivers. They have nearly a level surface at right angles to the streams, and parallel to
them a slope nearly eoincident with their own, Now and thon ariver approaches the bluffs on one side, but quickly
winds back to the opposite side of the bottom. It is, therefore, impracticable to gain head by use of a canal, exeept
by gradually raising it above the level of the bottom by diking on either side—a construction which has many
disadvantages, and which hag seldom been adopted on these streams.

A very great objection to the prairie streams is their variability in volume, and the low stage which they reach
in certain seasons, notably in late fall and winter. The larger manufacturing streams of the Atlantic slope seldom
show n less rate of discharge than 0.30 to 0.50 cabie foot per second to the square mile of drainage arvea; while there
ave probably few of those which wo have been considering that do not, at some period of the year, fall below o
discharge of 0.05 to 0.10 cubie foot per second to the square mile, and some even entirely dry up, or become 4 chain of
stagnant pools. The Kansas river had a volume at Topelka, in the winter of 187475, corresponding to only 0,035
«cubic foot per second to the square mile, During the month of October, 1879, the Missouri river itself, with its
drainage arca of’ more than 500,000 square miles, showed an average discharge of only 0.0568 cubie foot per second
per square mile. Ifrom these very low stages the rivers we are considering rise, usually in early summer or
midsummer, to relatively very high peints. The wider and more rapidly falling nsually succeed in carvying off their
flood volumes without overflowing their banks; but the narrower and more sluggish ones, for examplo those of the
western Jowa and northern Missouri slopes, spread out far and wide over the bottoms, sometimes reaching widths
of 1 mile to 5 miles.

Measurvements of flow made at Saint Charles, (¢) near the mouth of the Missouri river, during the year 1879,
presented o variation in velwme from 26,446 to 298,637 cubic feet per second, or arange from 0.0502 to 0.5665 cubie
foot per seeond to the square mile of drainage area. Trom these observations it was inferred that the ovdinary
vange of flow, from low to high water, would be approximately from 15,000 to 430,000 cubie feet per second, or from
0.028 to 0.816 cubic foot per second to the square mile. At this rate the high-water discharge would be nearly thirty
times that at low water, and with many smaller streams the disproportion would doubtless appear a great deal more.

In some sections, where Drift constitutes the surface material, many small lakes, technically known ag Drift
lakes, are met with, They are to be found in Dakotn, and there are a few within the limits of the Missouri basin
in Towa. Some have a direct connection with the streams, while a large proportion of them are apparently
isolated. They are all probably of some value in maintaining the flow of neighboring streams, oither by surfice
connection or by underground percolation ; and where sufficiently numerous and large, as in the Big Sioux basin,
in Dakota, they might be made available for increased storage. ‘

‘Storage of magnitude in artificial reservoirs, so frequently used in New England, is not, however, generally
practicable with prairie streams, There arve few natural lakes or ponds, except in the limited sections justnoted, The
positions of the streams, in the midst of broad and fertile bottoms, often seemingly as lovel as a floor, and seldom
approached simultaneously from both sides by thoe Dlufly, would prevent the formation of extensive reservoirs on their
courses, unless at great and unbearable expense. Along the foot-hills of the Rocky mountains there are, undoubtedly;
numerons depressions which were at some period in the past occupied by small lakes, and which miglt, at a
reasonable outlay, be made available for storage; in faet, this has been done already in a fow cases, not with a
view to using the stored water for power, but for irrigation, Tven if artificial reservoirs should be constructed on
the prairies, o great disadvantage would be encountered in the extreme evaporation. On the northern Atlantie
slope from 40 to 60 per cent. of the rainfall may be realized; but for the entire Missouri bagin Humphreys and
Abbot give the ratio of drainage to rainfall as only 15 per ecent. At Milford, in novthwestern Towa, power is used
at the outlet of Spirit and Okoboji lakes, and I am informed by Mr. T. 8. Seymour, seeretary of the water-power

_ company, that ouly a little more than one-eighth of the annual rainfall is counted on there. Storagoe resorvoirs
would, perhaps, benefit the prairie streams relatively as much as they do those of the east; but when itis considered
that the average rainfall for the entire Missouri basin is orly abous 20 inches, against 45 inches, more or less, for
the north Atlantic slope, and that, of the rain which does fall, only one-third to one-fourth as much can be realized
in the former region ag in the latter, it is evident that the absolute gain in volume of .the stresms would be small
comnpared with that obtained by castern manufacturers from their rivers.

- @ Bee Preliminary Report by Major Charles R. Suter.




MISSOURI RIVER BASIN. 5

6. —CLIMATE.

The healthiulness of the climate of the Missouri basin is famons and unquestioned. There are, doubtless,
solne low valleys in the state of Missouri where fevers and malaria are prevalent, but the high ground is perfectly
healthy, and as we advance westward over the prairvies, and especially a3 we approach the mountains, the air is
found to be remarkably dry and bracing. Owing to the remoteness of Jarge bodies of water, extreme chianges of
temperature are not uncommon, but they are much less noticed than in the moister atmosphere of the Bast.

TeMPERATURE,—The following records of temperature are principally from the Smithsonian tables. A number
of places well scattored over the Missouri basin are included, and there are also added records of onepointin the Gulf
states and one in New Ingland, The maxima and minima temperatures are only approximate, being derived from
but three to fonr years of signal service records ‘

. Mean, mavime, and minima temperatures.
g g § MEAN. AVERAGE MAXIMA, AVRILAGE MINIMA,
ooty 0B | dal e B

3§ HQ Spr. | Sum, | Aut. W, Yro f Spr] Soof Aub | W | Yo f Spa [ Samn, | Ak | W) Y

2}

oot o ¢ o ¢ o o ¢ o ¢ o ¢ o 1 [} [¢] 0 o [} o o -] o o
Fort Benton, Montaun...... ARV TR (U IR STURTN I O I S AU D W E R R SO (R 0 T S VO T PO ORI PUYRIUY A Ceenes ~0| U7 |~9| -8 28
Tort Steele, Wyonming .ouuus 6,500 | 41 45 ¢ 107 10 Dl 4000 600801 4588 | 2048 | 4B 00 foeueii]iaiunionn verfsennnalianin, B I . sucaae
Bigmarek, Dakota ..ol 1,650 | 46 47 | 100 46 1 w817 0050 | 80 04 707 882L) 86| 100 8| 61| WO~y BO| 18} B} 31
Fort Sully, Dakota .....oo.. caweesadd 4 B0 100 33 3L 4070} TRTL] 4780 2060 40 86 0 [ 17 07 [Nt 4 42 | -1 12
Yankton, Dakotw.oooaiivinfnennns 42 54 1 07 01 A 4p 00| TLO0 ) A6 18| 17 14| 4488 88 [ 107 07 01| 107§~ 8 42 1| =12 ) 12
Denver, Colorado...vaeen... 6,950 | B0 45 | 105 01 48 4810 TO80 | BOGR| 2851 | A0 OMY A8 101 | 0L | 4] 101 7] 40 8| —10) =15
North Platto, Nebrasky ....0 2,800 | 41 08 | 100 40 334707 TLO5] 48 T4 U3 G0 47 RLQ 80| 100 00( 66| L] o0 o7 0 =8| ~2
Omaha, Nobragka..... ..... 1,800 1 41160 05 60 df 4840 Tue| BT A0 B3 UG] 40 OB 88 1] 89 ] 08 2 4 4| =-10] -1
Fort Tlnys, Iunsas. coevrvess D007 48600 0920 1 6306 THO3] od TR U306 | O4 8B Biiifeeeans vesarafornenfonanvilienens DTS RN T [ TN
Fort Leavonworth, Knnsag B0 D021 | 0464 40 BB 6D | TH R4 GEBE | 20850 S3U0] 00| 1001 03| 00 100 0 47 Wj—0} =0
Rolla, Misgourd .ooeeiueinn.. 030 | 87 681 01 44 4 RO THR00 04 2] B3R B3 BLfeeeiii]iriendenennreaean]en PP SO [N ETTITEN PO P
Saint Louis, Missourl....... 481 | 8887 0012 AU GO 00 T013| 55 881 8200 | 6600 00 07| 00 08 07y 13 bl W=7 -7
Montzomery, x\lubmpa ..... 162 | 32 23| 8018 1Y 6672 |oovanias] OLOB | 4000 oo, b 05 101 03 77 1W01] 88 1} 33 10 10
Now Ilaven, Connecticut . . 457 4118 TAOT] 80 4076 ) GOC | GL9B) uB 4D | 4000F w3{ 01| 84 B6| M 0| 47| 10 0 0

Winpg—Tho prevailing winds during the different seasons are shown by the Signal Servico records to bo as
follows :

Drevailing winds,

Luonlity, Y““("(‘;;‘({ZL fpring, | Sumner, | Automn | Winfer Tear,
Fort Bonton, MO veeverseeiininmmeerentisnnnserennivmrvesunnas Crarresaersaesmslienaenas o W W, 8w, 8W. SW.
Blsmavek, Dakoto....... PR PR [ erevaan Neeareanaens PPN . 4 NW. NW. Nw, NW. Nw.
Forb Sully, Dakolt . waveaniierannnn 3 B, SE. Nw. NW. NwW.
Yankton, DAKOth. covsvanvssvnnnssinsesenerirarsmane 4 NW. SE. NW. NW., NW.
Denver, Colorado.......... 4 S, 8, S, 8. S,
North Platte, Nobraska... 4 KI8. 51, N, NW. NW.
Omahn, Nebraskte.oooo.. o 4 N. 8. 5. NW, e
Leavenworth, Kansas. . .. . 4 S S, 8, 5 5.
Montgomery, AR, caveseetsseneraransesinnernsssnnvensasinnse nairnnssans tvarsuanuses 4 S13, B Nw. N. NW,
New Haven, Conneetiont. coovoercivaenns Ko amaasEeantsakNetenrare T 4 NW. B N Nw, NWL

HuMiprry.—Regarding the humidity of the atmosphere, I have been able to find bub one or two continuous
records for particular stations, but from the Monthly Reviews in the Signal Service reports, I judgoe that the relative
humidity for the year averages 0.40 to 0.50 in the upper basins of the Missouri and Platte, and 0.60 to 0.70 in the Lower
Missouri valley, against 0,70 to 0,75 for the Gulf and New England states. Tor the year—dJuly, 1877-June, 1878—the
mean relative humidity at North Plaite, Nebragka, was 0,616, and at Omaha, 0,696, In tables published by Professor
T, H. Snow, of the Kansas State University, it appears that the mean rclative humidity at Lawrence ranged, for
différent years, between 0.64 and 0.726, averaging for nine years, 0.672.

RAINFALL.—There ave not a great many points in the Missouri basin where records of rainfall have heen kept
for along scries of years, but its general distribution may be sufficiently well judged from the accompanying
table, which embraces a number of localities, widely dispersed, where the most extended observations have been

~ taken. The ligt is copied from the Smithsonian vain tables:
VoL 17——10 ' 280
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Rainfall,

Taoculity. Elovation ; it Years of o : . —

aculity, ahove ol Latitude. | Longitude, . corl. Spring. Sammer, | Autumn | Winter, Yoar,

Feet, o o Inches. Inches, Inches, Tnches. Inches.
Fort THis, MOontan. covarsviruear snminasmnmsrisnaasnsns 4,878 45 40 111 00 3 7.17 8, 60 2,38 2,50 15,74

Tort Denton, MONABR cave ey rnsamcaaranan s inivnrnn 2,730 47 B0 110 40 7 5. 84 4,48 165 1.70 w8

Trort Drideer, Wyoming. coveerveenaeaneeiiiiiiiinivans 6, 656 41 20 110 28 13 2090 2,06 1. 68 17 R
Tort Steele, Wyoming . 6, 840 41 47 106 57 0 4.07 3,48 3,00 4,08 15,88
Fort Laramie, WYomINg cevveeicneraaiansirnnasescenes 4,472 42 13 104 31 18 5,85 4, 40 2,7 1907 14, 45
Trort Balford, Dakott. ..o viiiar svninrinin e enns 1,000 48 01 108 58 8 3,76 4,00 201 2,01 1,84
Tort Totten, Dalota . 1,480 47 50 09 16 5 5,18 7.51 2,00 1,50 16. 78
Fort Sully, Dakolit, o vivaniiiiaeiiiaaan i cirenenns 1,072 44 60 100 83 8 6. 02 7.18 L7 1,14 16, 5%
Yankton, Dot cooviiniiiinineiiiiiieinisrianrsnas 1,870 42 63 07 30 3 740 103 400 515 26, b
Renver, Colorado «.eeyae.o.. f, 250 30 45 105 00 ] 502 a00 3. 10 L0 7T
North Platie, Nebinska. ... 9,780 41 08 100 46 8 6. 14 88 255 0507 12.00
Fovk Kearney, Nebraska ..... 2, 860 40 88 08 b7 14 7.81 L1 4. 83 1.45 ag,
Ouiaha, Nebraskt. covein vevvinnirnnnes . 1,300 41 16 95 60 10 7.6G8 15,00 .15 &.01 U2, 84
Fort Tluys, KONSRS. oo vt nne v ivnnvenns 2,107 28 50 90 20 7 6,08 0. 23 5,97 3.7 22,70
Tort Loavenworth, Kunsog..... 800 59 81 04 54 18 7,02 13,07 7,86 &, 63 AT
Tort Riley, Konsas..oooooaae . 1, 800 30 03 06 85 R} 6,49 10,48 5,02 263 04, b
Lawrenco, KADSNS couev.iiiiiansrierarnmeommemmmme s 830 38 &8 05 12 9 8.83 PR I 7.8 & 30 3,10
tolln, MISSONT s iiavns v asviamtvavmnenniimanann . 950 87 08 01 44 0 11, 67 118 804 G, 66 3760
Saint Lounds, Missourl o.ooooiiiiniiiiiianiinanns -- 481 48 87 00 12 40 11,71 1301 8 58 it 40, G
Montgomery, Alabama. .vovveiiaviiieiinmennraes . 162 822 86 18 4 17. 83 12,42 .87 18,78 hi. 00
New Ilaven, Conucoticnt 45 41 18 2 57 b 11, 24 12,11 11519 10, 00 40, 44
Swow.—I have but few data econcerning tho amount of snow falling on the Missouri basin,  The records of Dr.

A 8. Ohilds, of Plattsmouth, Nebraska, show an average of 23.5 inches per year for the fourteen years 1866-"79,
Professor Snow gives the average at Lawrence, Kansas, for the five years 1868-'72, as 21.0 inches. Doth these
places are adjacent to the lower Missouri viver. To the westward, on the plains, the snowfall is much lighter; the
fall in the Rocky mountains is heavy, and the snow aceumulates to great depths in the ravines.

EFrepors OF RAINFALL, BIC, ON THE STREAMS,—In summing up the main points of the physical phenomena
which have been mentioned, it is to be noticed” .

(a.) That the range of temperature through the year is great, tho mercury rising at most stations as high as
1000, and sinking as low as —100, while in many localities the variation is still greater. The evaporation produced
by the hot sun of summer, shining upon the almost unprotected surface of the prairies, is very large, and in o time
of droughtquickly brings down the volumes of the streams., Thus it ig probable that such streams as the Jamesviver,
of Dalkota, and the Osage, of Missouri, during low stages lose as mueh by evaporation in their lower sluggish courses
as they receivo in those portions from their tributaries. Over almost the cntire area drained by the Missouri the
mean winter temperature is below 829, so that whatover precipitation there is during that season must be mainly in
the form of snow, and 80 remain upon the surface much of tho time without greatly benefiting the streams.

(0.) For the upper basin, at least, the provailing winds of the year, and especially of the winter season, aro
westerly, ranging from southwest to northwest. The winds blow steadily and quite briskly on the plains, there
being comparatively few calm days, and coming dry from the Rocky mountains they assist largely in causing a
rapid evaporation,

(¢.) The relative hamidity of the atmosphere is small, except in the lower Missouri valley, sinking frequently
to 0,40, and at times to 0.30 or lesy, at Denver and Cheyenne.

(4.) The rainfall is small, and unevenly distributed through the year. Tor the loculities represented in the
preceding table the mean annual rainfall varies from 8.4 inches at Fort Bridger, Wyoming, to 40.7 at Saint Louis.
Itig less than 20 inches at most points west of the ninety-ninth meridian. Even more than the small annual rainfull
is to be noticed the great contrast betiveen the amounts falling in summer and winter. Tor points in Montana
and Wyoming the precipitation seems to be greatest in spring and least in antwmn ; but for the Missouri basin, as
& whole, the disproportion is greatest between summer and winter. The ratio which the rainfall of the former
season bears to that of the latter is in' different localities as follows:

Ratio of summer to winter rainfall,

Tocality, " Ratlo. Loonlity, Ratio.
Fort Bllis, AIONLAIR «vvvrncasecnanan P 1, 4 || North Ylatte, Nobragksn ... e .- 6.7
Fort Benton, Montint. carceeeecesssncsrrnanas v 2.5 {| Omahe, Nebragkn coeceeernavana. [, . 5.0
Tort Stecls, WIoming «cceeeeesceevnnnes veeesnnan wansamieernaasuasnarrnns 0.8 1.7
Fort Laramio, Wyoming.eeee cacasascvaverienans C22 2.0
Fort Buford, DaKoth. cavcmaniavririniisniannsannn ceene 2,0 1.8
Yankton, DIKOTD caven e cicecsiscnssnvancsrcrrmmionens Cevmenssenemnvannnnan 6.0 0.7
Denver, Colorado veeeauennna W e heaaa e e enanonam e easshaea et 1.9 11
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The effeet of the small precipitation of wintor, combined with the low temperature of that season, is to bring
most of the tributaries of the Missouri, excepting some farthest south, to their lowest stage in winter, On the
other hand, we find them attaining their greatest volume in carly and mid summer, a period when streams on the
Atlantic coast are cither in a falling stage or have reached the minimum. )

Drouvgmrs.—Concerning the prevalence and duration of drouglts I can give no speeial information, They
appear to be more severe, however, in the Missouri basin than on the Atlantic and Gulf slopes, This is indicated
in the table below, where ave given for a number of points in the above sections the ratios existing between the
mean annual rainfall and the rainfall in an oxdinarily dry year—not the dryest of a long term, but sueh as occurs
once in five to eight years,

Ratio of rainfall in an ordinarily dry year to wean annual rainfull,

TLaoeality, : Tatio. l Loenlity, Ratio,
Jigsours basin, ‘ Miagouri bakin—Continued,

Fort Benton, Montant...oooni i, ‘\ 0, 53 Suint Towis, Missourl coeens seeeens 0.70
Tort Tarante, Wyoming.cove.vvnon! 043 frulr dope.
Tort Duforl, Dukotn vovnnnn... - L0000
Tnklom, TR e ee e e veernsceraenn 0,76 Montgomery, Alabwmnt coann i, 0,91
Donver, Colorado. oeenens venenenn LooRs Ablanin, Georgliv.eceoi v, 0.94
Tort Kewrney, Nobraska ... Loy North delantie slope,

Q“'“IF"' N“"‘:““]m """"" reee 0. f}r. Philadelphia, Tonnsylvanis. .. ... 0.80
I"“N‘ Huys, Kansng SR Now York €16y «vevverrrneivesennnans 0,01
Furs I“‘“"‘\"‘f‘nlm' Kanug veee.. ‘ Now aven, Connectient oo voei..| 0,87
Favt Seotl, Knuang coee e viiiinnns ‘ Amherst, MassieItsetis .. e ens 0.90
Fort I:ilu_y,‘ Tnnsas Borton, Massaehusebts .., 0,88
Lawrenceo, Tansh..ooveeeeesiee Prounswlek, Malne .o viiniieiiienna 0. 81

INCREBASING RAINFALL~-I have clsewhere spoken of the influence which the advancing cultivation of the
prairies ecrtainly hag in the production of new springs and in maintaining the low-water flow of the streams. The
same causo is also regarded Ly some as producing o bebter distributed and even incrensed annual rainfall, The
subject is discugsed in a very thorough manner by Professor Aughey in his work proviously alluded to. The cffect
of cultivation is certainly very favorable, though there may be a guestion whether obsormtmns have heen long
enough continued to prove that the annual rainfall has been permanently increased.

II.—THE MISSOURI RIVER.

Althongh the Migsouri river possesses no available water-power in that portion of ifs conrse which I visited, or,
indeed, for a very long way above, yet it may be of interest, before deseribing the various tributaries, to give some
account of thg main stream, bl‘lOﬂY setting forth its chan wtm‘lstlc features. ‘

The upper waters of this river were first explored in 1806, by Captains Lewis and Clarke, at a tiwme when the
highest sottlement of whites on the stream was at La Charetto creek, 68 miles from the Mississippi, TLewis and
Clarke ascended the Missouri in small boats, noting down whatever appeared of interest, reconnoitering the
tributaries for short distances above their mouths, and mecting with many strange adventures, They earried their
explorations tho length of the Missouri, and then continued up the Jefferson fork. On returning, Captain Clarke
examined the Gallatin fork and a Jarge part of the Yellowstone. For a succeeding period of nearly fifty years bub
little was added to the knowledge concerning the upper Missowri valley; but from the year 1853 to tho present
time numerous mpechtlons, reconnaissances, and surveys have been made by engincers and other officers of the
United States Army, in the upper basin of the Missourl. Regarding the lower river, I think very little has been
written in a conuneeted and detailed manner. But within the past few years the efforts made for its improvement
at various points, under the direction of Major Charles R. Suter, have led to its thorough and scientific study.
A careful survey, to extend from the mouth to Fort Benton, is inprogress.
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The Missouri river proper is formed in southwestern Montana by the union of three forks, which, upon their
discovery by Lewis and Clarke, were named by them Jefferson, Madison, and Gallatin, respectively. With reference
to them the journal of Captain Lewis says:

On examining the two streams (Jofferson and Madison) it became diffleult to decide whieh was the larger, or the real Missourij they
aro cach 90 yards wide, and so perfeetly similar in character and appenrance that they scemn to have been formed in the same mold, We
were therefore induced 1o discontinue the name of Missouri, and give to tho southwest branch the name of Jefferson, in honer of the
President of the United $tates, the projector of the enterprise; and callod the middle branch Madison, after James Madison, Scerctary
of State,  Theso two, as well as Gallatin river, run with great veloeity, and throw out largoe bodios of water.  Gallatin river is, however,
the most rapid of the thwee, and, though not quite as deep, navigablo for o considerable distance., Madison river, though mueh less
zapid than the Gallatin, is somewlhat more rapid than the Jefferson ; the beds of all of them are formed of smooth pebhbles and gravel, and
the waters are porfectly transparent.

The Jefferson and Madison {orks fivst come together, and within 2 miles are joined by the Gallatin,
The head of the Missouri, thus formed, lies about in latitude 45°§6/, and longitude 111° 82/, From this point

tho viver takes a slightly northwesterly direction for about 80 miles by general conrse, and then runs northeast for -

an equal distanee to TFort Benton,  TFrom the junetion of the three forks at its head, the course of the Missouri lies
for nearly a degree of latitude through mountain valleys and deep cafions; from these it finally issues through a
gorge in a range of recks, which Lewis and Clarke called the “gates of the Rocky mountainsg”, and of which
they gave this deseription :

A mile and a half beyond this ereclk the roeks approaeh the river on both sides, forming o most sublimoe and extraordinary speetacie,
For §2 miles theso roeks rise perpendienlarly from tho woter's cdgo to the height of nemrly 1,200 fvet.  Thoey are composed of a hlack
£gronito neav their base, but from the lighter color above, and from tho frzgments, we suppose the upper part to ho dlint, of o yelowish-
brown and cream eolor.  Nothing can bo imagined more tremendons than the frowning darkness of these rocks, which project over the
river and mennes us with destroetion. The viver, 160 yards in width, scema to have forced its channel down this solid mass; but s
veluctantly lhas it given way, that during thoe whole distaneo the water is very deop, oven ot the edges, and for the fiyst 3 miles there is
not a spot, exeept one of & few yards, in which o man could stand between the water and the towering perpendicular of the mountains,

Thivty-five miles above Fort Benton the river pours over {he Great falls, and from that point onward is a

navigable stream. The following, concerning these fally, is from the report of Licutenant Grover, Unifed States
Army:

There are five prineipal caseades.  The first, about 3 miles holow 1lie month of the Sun river, falls about 25 fect,  The second, nearly
3 miles helow the fist, is o small erooked caseado of b feet 11 inclhes piteh,  Immediately below is the thivd, ITexe, between high bhanks,
# ledge, noarly as straight as i formed by avt, runs obliquely neross the viver, over which tho water falls 42 feeb in one continuous sheet,
of 470 yords in widtl, At the foot of this casende, so beauntiful for its length and regularity, is & small igland eovered with willow,
cottonwood, and wild cherry,  TInlf & mile below Lhis, again, is'the fourth—sa small, irregular fall of about 12 feet desvent. Thore isa
small knot.of an island near the middle, and between that and the right bank of {hoe river the ledgoe of tho fall is very erooked, and the
water reaches the basin below in two pitehes, Tt hetween the island and the left bank thero is simply a gnccession of rapids; the stream
then lmrries on, Inshed and churned by nwmerous vapids, about § miles farther, where 1§ precipitates itsolf over a preeipico of 76 feet in
height,  Thisis the fifth and “Gread fall? of the Missonri, Tho banks aro high and alrupt on hoth sides, and above and helow deop
ravines, with have, steep sides, extend out into the praivie from Lto 2 miles,  But opposite the fall, and en the north side, o narrow tongne
of waving prairie runs near to the viver, and browks off in texraces to o small bottom below the casende,  The Jower plain, cmbracing two
or threo acres, is & rovnded point of land, which, with a rock-hound shonlder, half enciveles the basin of the easeade, and for o short
distanes helow confines the water-conrse to hall its usnal width, Near its head n hroken and disconnected ledge of roceks rises some S0
feot ox more above the water, bub lower down there is some soil and a few seattored cottonwoad, willow, and cherry troes,

For miles Delow its fulls the course of the Missonri lies through a deep cafion; as far as the mouth of
Marie’s viver its banks arve 100 to 160 feet high, and it flows clear and transparvent over & gravelly bed, with
current of about 2.7 miles an hour. From Fort Benton the general divection of the river is, for cight degrees of
longitude, easterly along the forty-cighth parallel, from which it nowhere departs more than about 40 miles, I
this distance the principal tributaries whichi it veceives are, in order, the Musselshell, Milk, and Yellowstone,  Below
the mouth of Marin’s river the banks of the Missouri are less abrupt, and rise by gentlo slopes to tho bluffs.  From
Fort Benton to Carroll, a distanco of 167 miles, the river is rapid, with fixed channel and stablo bauks, The bed
ig Jargely composed of gravel, with numerous bowlders. The river now begins to change ity character, and for 120
miles is intermediate between the rocky and rapid stream which it has previously been, and the shifting sand-bar
river which it then beeomes and eontinues to be for the vemaining 215 miles to the mouth of the Yellowstone, and
thence to the Mississippi, Its high-water width, which in the vieinity of Fort Benton is 500 to 1,000 feet, inereases
to 1,600 fect at the mouth of Milk river, and to 2,000 feet below the mouth of tho Yellowstone,

Tho latter stream, almost the peer of the upper Missouri, deserves deseription, The upper Yellowstone hag
its sourco in northwestern Wyoming, o little below the parallel of 440, Tt pursues a short course of 40 or 50 miles,
and then enters the renowned Yellowstone lake, which may be considered the great source of the main river. The
Yellowstone National Parlk occupies the northwestern corner of Wyoming tervitory. It is 65 miles long by 55
wide, and within its arvea, nearly half as large as the state of Massachusetts, embraces most wonderful scenery.
Dr. Hayden says tliat the whole region was, in comparatively modern geological times, the scene of the most
wonderful voleanic activity of any portion of this country. Here are seen great mountains, yawning eajions, and
remarkable geysers and hot springs., A little southeast of the center of the park lies Yellowstone lake, about 20
miles long and 15 miles wide. Its shove line, which is rongh and irregular, is said to measure 175 miles in length.
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The lake lies at an altitude of 7,778 feet above the sea, and is, in pluces, nearly 300 foot deep. It is hemmed in on
every side by lofty mountain ranges, and from the melting snows on their slopes its chief supply of water must
come, since it receives no important tributaries,

-In the carly part of the day, when the air is still and thebright sunshine falls on its wnruflled surface, its bright green color, shading
to a delicate ultramarine, commands the admiration of every beholder, Later in the day, when the mountain winds come down from
their ioy heights, it puts on an aspeet more in nccordance with the fisree wildorness avound it Its shores avo paved witl voleanic rocks,
sometimes in masses, sometimes broken and worn into pebbles of trachyte, obsidian, ehaleedony, cornolians, agates, and bits of agntized
wood ; and again, ground to obsidian sand sprinkled with crystals of California dianonds, .

Only 10 or 15 miles from the lake oceur the Great Falls of the Yellowstone, In 1875 Captain William Ludlow
explored this portion of the Yellowstone valley, and thus described the Upper fall: ,

Resorving the Lower fall, whose deep thunder we could now plainly hear, wo deseended toward the Upper, and after o short
seramblo over loose trachytic blocks, elimbed out upon a point which, projecting into the cafton below the fully furnished a fino view
of it almost en fuce. The river makos o sharp bend to tho eastward jnst above thoe fall, w hith in congequenco fronts nearly ot right
angles to thoe general divection. Trom the sharp and narrow piunaels on which we stoad, vr eather to which wo elung, the eatarnct, some
150 feot distant, was oxposed in its full hieipht and Leauty. L6 iy o slanting one, having a baso of, porhaps, one-half its altitude, whiel,
ag measured by a cord hrought for the purpose, and marked in 10-foot lengths, is 110 feob,  The water leaps down its roeky slopo betweon
blaek, shining wolls of trachyto, and its pure green is broken into fonm aud spray from the vory summit,  From the foof the currents of aiv

drove the clonds of vapor up the steep sides of the eation, which wero elothed in vogobation of the freshest and mogt brilliant hue, while
o double rainbow illumined the sueface of the strenm bolow, :

The Upper £all is only & quarter to a half mile from the Lower ; of this Captain Imdlow says:

The view of the Grand cafion, from the point where we stood, i, perhaps, 1he finest pieco of seonery in the wold, I can conceive
of no combination of pietorvial splendors whicl eould unite mwore potently tho Gwo requisites of majosty and benuty, Closo at hand the
river, narrowed in ity hed to w width of some 70 foet, and with o depth of 4 to § foot, through the pure deep green of whieh the hardly
wavering outlines of tho brown howldows heneatl are distinetly visible, H]\rmga to the crost with an intensity of motion {hat mukes its
clear depths {airly seem to quiver,  Just bheforo making the plunge the stroam is ngain conteactod, and the watoers are thrown in {rom
both sides toward the centor, so that fwo Dold, rounded prominonees or hullresses, ay it wero, avo formed whore greon and white
commingle,  Tiying prostrate and looking down into the depth, with the cold breath of tho easion funning the faee, one ean seo that these
ribs continne downward, the wholo mass of tho fall gradually breuking into spray against the air, until lost in the vast eloud of vapor
that hides its lowest third, and ot of which comes up o mighty voar that shalkes the hills and comnmniuuhua o strango vibration to the
neeves,  The height of the fall, as ascortained by abtaching o heavy weight to the measared cord and Joworing it down, is 310 foot,

From the falls thoe river passes for 20 miles through the Grand cafion. This iy impagsable throughout, and.
at only & fow points can the water’s edge bo voached ; no sound comos up from its profound deptly,  Tighty miles,,
more or less, to the northward from Yellowstone lake the river issues from the Snow mountains, and then runs to.
the eagt and novtheast Lill it joing the uppoer Missonri at Fort Buford, ouly & few miles on the Dakota side of tho
boundary between that and Montana territorics,  On emerging from the nountains the river is 600 feet wide and 6
feet deep, Thence to the mouth of Clarke’s fork it is characterized Dy many islandy and bold sweeping curves,

Between Clarke’s fork and the Big Iloen it is 1,500 to 1,800 feet wide, free from rapids, and has a current of 3
to 4 miles an hour. The Big HMorn river rises in tho mountaing some 30 miles gsouth of the southeastern corner of
Yellowstone National Park., Tor 100 miles by general convse it flows in quite a diveet course toward the southenst;
but in the vicinity of latitudo 43° north, and longitude 1082 30/ west, it turng abruptly northward, and thongh down
to this point it g heen known ag Wind river, thence to the Yellowstone it is ealled the Big Horn. Thelength of the
Big ITorn, to the source of Wind river, i3 about 330 miles by general course, and it has o drainage area of abount
22,360 square miles. TFrom the Big Iorn to Powderriver the Yellowstone increases in width to from 2,400 to 2,700
feet, and becomes turbid like the Missourd. ITrom Powder river to the Missouri the banks are low and eaving, and
the stream containg numerous sand-bars, densely-timbered islands, with some rapids and shoals,

The mouth of the Yellowstone is, accordmm to Captain Raynolds, 1,804 miles above the mouth of the Missouri.
Upon reaching the confluence of the Yellowstone and the upper Missouri, Lewis and Clarke measured the two
streams with the following result:

Just above the confluenco wo moasured the two rivers, and found the bod of the Missourt 520 yards wide, the water oconpying only
330, and the chiannel deep, while the Yellowstone, ineluding its sand-bar, oceuplod 858 yardy, with 207 yurds of water; the deepest parb
of the channel was 12 feet, hut the river is now falling and seems to be noarly ab its sumer height.

I'rom tho point of junction, the Missouri follows a winding, but, on the whole, southeasterly course, passing
over very nearly nine degrees of latitude, till it reaches the mouth of the Ilansas river, in latitude 390 6/; it then
talkes a move easterly direction across the state of Missouri, and empties into the Mississippi river 16 miles above
Saint Louis, 189 above the mouth of the Ohio, and 2,824 miles below the point where it was formed by the union
of Jefferson, Madison, and Gallatin forks, Below the Yellowstone the width continués quite uniform; from 2,000
feot it graduadly increases to 3,000, which remains.approximately its average width for the last 600 miles of its
eourse. Six hundred and 1()1'L\ nule% from the mouth it re eceives the Platte niver, and again, .J.)S miles below, is

oined by Tansas.
joined the Kansa 208
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~ The tributaries entering the Missouri below Fort Randall will hereafter be described in detail; the accompanying
table gives the names of all the more important ones, in order from the headwaters of the main river, and their
drainage areas:
Tributaries of the Missouri viver.

it . {
Stream, Dli{lli::l";" ;‘ . Stream, Ih;:;}:}::\‘-,w }‘ Stronm. " I";‘S[{:;‘.fé“
i
[ e - : e e - . . - S
Sepmdies, 4 Sy, miles. Siyndtes,
Jeflorson fork ... 0,168 " Towder river (fo Yellowstone) . 15, 520 || Little Soux viver..... 4,9
Madison ok . ... 2, 520 : Little Missomt viver.......onn. 7,668 || Dlatto river.........., 00, 467
Gallatin fork cavveniveiivransiiiiirinanaaan 1,728 || Big Knifo river cooen oo cinnnon 1,802 1| Nishnabhatona viver oovveveinmrescanernnn, 3, 100
SIS KIVOY caeeee i 2, 0o 1 T Henrt 1lver.ace s o i e e e 3000 | Nemaha Hver coociiiii i in i o 1,084
Teton river, nbovo Mavin’s . .oooiianiiaa.n 2,640 || Cannon Ball viver ... 4, 281 |1 NoQaway Fivercae e envimeina e nienns 1, 486
Alaria's viver, above Teton oo viveininnnts 7,650 || Grandriver..ooooooina., 6,412 || Platto viver (of Missouri), U 4ET
Judithvdver.eeenncoveenienn - 2,524 ‘, Morean PIver veaeavienn 4, 63 || Kansas viver-voceaians.-.. Cerarenes 89,757
Muossclshell river 10, 500 i Big Choyenne river.ce e eoeavnanaiaan, 2,117 || Grand river ool 7,002
LT 4 1L B A N a6, 700 ‘ B (01 5 ) A 3,000 || Chariton river............ Cieeravaeas 3, 000
B )11 116 o o O 3,508 1 Whiloviver...cooooiiiiiinaans, Ceereeranes 10, 21§ Lo Mino 1iver..covnicaiinnen cinnasiaen s RN
Big Muddy viver voveeevvraniinnianananann, 3,708 ‘ Niohrarn viver.coiiencve e cinnnninnen 13,200 | O8080 FIVOr. cneracet veema e i 15, 362
YTollowslone river oooeevienen.. 67, 476 l Duliotn viver.. 49, 000 i GRAPONAE TIVEL e es ceies caeee vernnanes 3, (67
* Big Horn vivor (to Yellowstone) . 22,360 | Vermillion river . 2930 \
Tongnoe river (o Yollowstone) ca.vvvvian... 3, 605 “ Big BIonx fiver coueiieennenensiiaicnennns 7, 860 ‘

Of the streams above the Niobrara I have but little information ; of those below, only one, the Osage, is navigable
ab low water. DBoats of 2-fect draught can agscend that viver for about 50 miles.  The Gasconade may be navigated
at high water, and it is considered that both this river and the Kansas might be so improved as to be of value at
low stages, though the expense involved would be considerable.

Tor information more directly concerning the physical features of the Missouri viver T am indebted to the
preliminary repors by Major Charles IR, Suter, Corps of Tingineers, United States Army, who speaks as follows of
the immediate valley :

The main valley of the river consists of a great rock trough, from 14 to 17 miles in width, cut down from the general leved of the
country to a depth considerably below the present lovel of the valloy, The roeky banks form Llufty along the stream, and the hed is nlse
of ruek, This great trough seems to have been filled at ono time with the Glacial Drift deposits, which also cover the adjacent country,
and subgequently in part cleared out by the great river that probably occupied it in the early Dost-Gilacial times,

The Drift deposits seom overywhero pretty well sorted. out, bowlders are gonerally found next thoe rock, and deposits of varying
degrees of conrseness above, The main feature is tho great preponderance of extremely fine sand, which, with the addition of a very
small amount of aluming, forms an oxtremely tenacions clay, locally kunown as ¢ gmmbo?, and which ismet with everywhere, and is (opned
in the bed of the stream wherever the current is unusually slackened.  Large beds or pockets of very coarse gravel or pebhles are also
met with in borings at different depths below the surface, They ave usnally water-worn fragmoents of quartz, wostly rod and yellow
Jasper, The general absonee of the large, high, and well-defined terraces which are nsnally found in valloys of this description, and the
general prevalenco in the surfaeoe soil of the very fine sand hefore alluded to, leads to the inferenco that the river, within comparatively
recent times, has scoured over the greater part of tho avea embraced Dhetweon the limiting blntlk, at Teast in the nareower portions-of the
valloy, .
From the report on founding piers for the Saint Joseph bridge, made by the engineer, My, W, 8, Tope, it
appears that the waterial throngh whicl: the piers passed was, in general, fine sand or gilt,  Pockets of “ gumbo®
were et with, and snags and driftwoo were of frequent oceurrence, At a depth of 40 feet below the viverbed
fragwents of brick and pieces of coal were found, Usually the bed-roek was immediately overlaid by n deposit, 2
to & feet thiek, of medinm-sized bowlders and coarse sand.  The bowlders were red and gray granite, schist, gneiss,
conglomerate, trap, and quartz, The bed-roek was found to be a smooth, hard, whitish-gray limestone, overlaid
with a broken shale 2 or 8 inches thick, "While the Missouri viver water is generally turbid, that fonnd convsing
along through the bottom deposit was pure and clear as spring water. Iven when the ice was 2 feet thick on the
surface, and the mereury was below zero, this water had o uniform temperatnre of 540 Fahrenheit.

The immediate bed of the river is of the most treacherous character, Af the site of the Atchison bridge it
was found to be composed of sand and gravel, and to be very shifting. The pivot pier was surrounded by sand to
& depth of 35 feet, till in Jualy, 1879, this deposit was entively swept away, leaving the pier bave down to bed-rock,
I was informed that, during the construetion of the bridge, piles were sometimes driven one day in sand which was
25 feet deep, but which entirely disappeared within twenty-four hours.

Except in the mountain cafions the conrse of theMissowrilies through alluvial Hottom-land of the most fertile
character, and varying in width from 14 miles near the month'to 17 miles in the viecinity of Sionx €ity. In some
places the bottom is apparently on a dead level; in others it has been cut up by high-water chutes, and frequently
containg lakes which have resulted from, cut-offs or changes in the course of the river; not nuncemmonly the
immediate banks of the stream are found to be somewhat higher than the adjoining bottom, so that there is a

downward slope from them in toward the bluffs. Through its alluvial flood-plain the river winds back and forth
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-from one bluft to the other, thus leaving tongues of land, which alternately reach outfrom one biuff to within a fow
thousand feet of the opposite. In the vieinity of Saint Joseph the Missouri is said to make cight complete crossings
of the valley within o distance of 30 miles, measured in the direction of its general course.

The following table, furnished me by Major Suter, shows the width of the Missouri valley at various points, as
measured between the bases of the bluffs: |

Widths of the Missouri River valley.

Looalily. Avoragewidih, M&}H{‘ﬁn" ]\T‘{li‘(lﬂl,‘l““
Miles. Miles. A iles,
Sioux City 1o a point 8 miles aboveTlorence, Douglas county, Nebraska. 10, 64 17,00 7,00
Lheneo to o point 8 miles shove Amnzonin, Andrew county, Missowi ... 4,06 0,30 2,70
Theneo 10 Kansns CLEY voiivn ot it iirccinvae v e e carvennane & a4 380 1¢ 1. E‘,O
(PHONCE 10 GUBEOW . 1eevnsvnrsamesnvunrnnsnsssonsenioensssreneenrecrnarns 847 602 1) i
Theneo to mouth vun..n.... rettereestasenettanettaraneann st earane s ! 2,00 4.10 1.00

From the mouth of the Jamesto the “Big Bend”, where the Missouri erosses the forty-cighth parallel, the average
width of the bottoms is only 1 to 2 miles, Of this part of the viver umplhreys and Abbot spoko as {ollows:

Tho ITupan-Kutey prairie, lying between this stream (tho Big Sioux) and the Vermillion, Is low and fortile, and is about tho last of
tho continuous fertilo country as you advance up tho Missouri, which hero comos from tho wes,  Above this (to the upper big bend) the
bottom-lands of tho Missonrl aro sometimes 1 and 2 miles wide, and will give Lut precarious suppovt 1() au agricnltural people; it is
donbtful whether even this can be said of the higher prairvie Iying back from thoe stronm,

Abovothe ¢ Big Bend” the valley widens somewhat, andnp to a point 50 miles above the mouth of the Yellowstone
has an average width of 3 to 6 miles.

The following table, giving the clevations and slope of the Missouri, is copied from ITumphreys and Abhot's
report:

Low-water slope of the Missouri river,

! ) Eluva-
THalanen 2
sality Tove | tiens | Fall per .
Loeality. ul]x;lr(\u«l”lllm uhova (o mihl». Authorkty,
' wlf,
Dy Horn branch, | arites. Feet. et
Souren (Wind 2iver) o oeoiverrvovesssennsmnenan CeemnvRaerev aanrmar an i nrns & 600 T |ewunnnnns Cuptain Ruynolds,
Month of Lopo Aglo. ..o 2450 o T 18,50 | Captain Taynolds,
Loaves THg TTorn momntaing covoiieeeconnnnsinueauen 9,001 t. i 890 | Cagftain Rnynolds,
Month of Big TIOM veuivriiviarinsinennesnna hraaavetwereronaara s imneaas PN 2,150 i 8 0,78 | Captain Raynnldas,
Yellvwstone branch,
SOMECH (KO eererrvnrarvacosrnnressansosacnranes [ rerrersuenrinran reras 4000 (1) 6,500 fovenoennns] Cuptudn Buynolds,
Leaves Snow mountuing. ... 9,46 4, i 19,10 | Caplain Raynolds,
Month of T Hotn veunaana.. N . 2,150 Bl | 10.08 | Captaln Raynoelds.
Mittth 0F YelOWHLONO , 4o vsvuieveinaau suonnarmsnnnaninvsorsaronasransrasssnnns 1, 804 2, 188 LA Coplain Raynolds,
pper Mivsouri branch
Soureo of MRASON T01K oy viiviner i vnnariraramsnusnesenasrenasnsrransnssnrnes SU0RS (0,800 L., e Cuploin Iayuolis,
Threo forks of Missonri.... .. Q, 824 4,010 263 | Captain Raynelds,
Mouth of Sun viver vuee...... 9, 680 3 07 G 64 | Coptaln Raynolds, N
Foot of falla........ e h e aherta . aaieetaan s at e e e Ry s 2,670 23, 06 81,60 | Captain LRaynolds,
B ) S 1T PP PR 9,644 9, 845 4,060 | Caplain Ruynolds,
At Yors Union ... 1,804 2,104 0.88 | Captain Taynolds,
At Fort Plorra. 1,246 1,475 1.10 | Tioutenaut Warren.
At Sloux Clly cocviiveennns aeee . . . 81 1,065 1,00 ] Railroad Tevels
At Seint Foseplt, MIsgouricovvveveivnrvenrennnas Weeeeauemiennrknararadsrniaas L 76 0,80 | Railroad tovels,
BT P U PP U PPN PR, 881 0,77 | TRadlvoad levels,
Additional clevations. *
Tollowstons nt Glendive, Montaum .. ococoitoicinieiiiraiiiisiianiieniine. 2,040 [oenunan.n. Average low water, Northen Pacithe railvoad Jevels,
Littlo Missonri at Northern Paoific crossing 8,246 ... oo Averagoe low water, Northern Pagifte milroad levels,

* Nob talken from Humphreys and Abbot's report.

The volume of the Missouri iy subject to great v ertlonq, the ordinary high-water discharge at the mouth
being about twenty-eight times that at low water, There are two causes of the freshets in this river—melting

snow, and heavy summer raing. The amount of snow falling on the prairies is usually quite small, and in some
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winters is scarcely worth mentioning, but amid the Rocky mountains snows begin early, continue late, and
accumulate to great depth, As to the effect of this body of snow upon that portion of the Missouri above Milk
river, Lieutenant Grover wrote

The fach of this part of the river lying near its sourees in tho Rocky mountaing would naturally lead one to suppose that the changes
i ity volume of water from montl to month would be nearly the same, for the same month, from year to year, ‘This is found to be tha

case. As winter brenks up aund warmer weather graduslly comes on in the spring the ics becomes rotten, and the river is swollen by -

tho melting of snow in thoe valley, and as early asthe 1st of May the river is clear.  Such isthe great range of elevation, and, consequently,
the great range of temperature, covered by this feeding resorvoir of snow, that instead of melting in the shorb space of o month and
swelling tho river ?o o torrent, the process of melting eommences with the valleys in thoe eaxly spring, and goes on gradually to lug,hm
clevations as tho season advances, constantly diminishing, of course, till August, when all that has o sensiblo cffect upon tho river is
expended, when it commenees falling more rapidly till the lu:ttcl: part of September, .

The upper Missouri, the Yellowstone, the Big Cheyenne, and the Platte are the streams mainly affected by
meltmg, SnOwW.

TFor o period of abount two months, beguuung in different years from the middle of May to the last of Juune,
heavy local raing occur. The rainfall is sudden and violent, and frequently aceompanied by thunder and lightning.
During this period, the monthly rainfall is sometimes three or more times the average monthly rainfall for the

year. Trom the widely extended, open, and, to a large extent, uncultivated, drainage-hasing of the streawms, lloods
~ of water pass down their chunnels and find thelr way into the Missouri, ahefxdv raised by melting snows. At this
season oceurs what is termed the © big rise” or the © June rise”.

Major Suter states, concerning the Missouri floods, in his preliminary report: .

Tho regular floods are two in number, and nsually oceur in April and in June. The first Is extremely violent and of short duration,

rarely lasting over a woels or ton days; it scems to come largely from the upper xiver, The June rise, althoungh generally higher, is of .

Jonger duration, heing influenced by loeal rains and the general saturation of the soil. It is followed Ly o steady full, which continnes
with (~unsu101ublu mgulumby i1l tho freozing weather closes the small aflluents as well as the uppor river; then w sudden {all of 3 or 4
fuet takes place, and the river reaches its winter level. There aro oceasional small rises of short duration Dhesides those mentioned; one,
espeeinlly, usnally oceurs lato in thoe fall, but the two fivst mentioned, are, from all points of view, thoe most Luportant,

]Iump]ums and Abbot give the range between high and low water in the Missouri as about 35 feot ab tlw

mouth, 20 feet at Saint Joseph, and only G feeb at Fort Benton, The greatest recorded freshet in tho Tower river
was that of 1844, although the rise of that year was somewhat exeeeded temporarily at points on the upper river
during ¢ the spring of 1881.

Tor the first 350 miles below the union of the Three Forks the Missouri is comparatively a clear streaw, but
in the vicinity of Carroll, Moutana, approximately midway between the forks and the Yellowstone, its oh.uwcter
gradually changes, and 1t becomes turbid. A similar change takes place in the Yellowstone below the mouth of
the Big ILorn, perhaps 260 miles above the Missouri, Although from the mountains the Missouri undoubtedly
reeeives u large amount of sediment, especially that of the feldspathic and alaminous composition, yeb it is mostly
below the limits above given that it acquires its muddy appearance, which is due to the caving in of its banks,

To understand this action it is necessary to bear in mind the nature of the banks. An exawination of the
Saint Joseph river-front, in the vicinity of the bridge, by government engineers, showed the bank to Le about 25
feet high at low water; it was composed of hard clay, not affected Dy the current.  This materinl extended down
16 fect Lelow low water, and at that depth was underlaid by 8 feet of quicksand; below this, clay, sand, gravel,
and bowlders extended to bed-rock. This is bub a single case, yet it probably illustrates the general charvacter of
the river banks throughout that part of tho valley which we are considering. It is thought probable that in a
rising stage the sediment carried by the Missounri is mainly brought in by the drainage of its tributaries. During
that stage the banks become gaturated with water, their colesion is lessened, and at the same time they ave being
undermined by the washing out of the underlying strata of quicksand. As soon as the river begins to fall aud
uncover the banks they are filled with deep mud cx acks, the sustaining pressure of the water is removed, and they
are constantly caving in, a foot or two at a time, and sometimes in much greater masses. In this manner is sapplied
the larger part of the sediment belonging to a falling stage. ~

This action goes on tith great rapidity, and during a single year the river may encroach 1,000 to 2,000 feet
upon its banks. It is estimated that between Sioux City and the mouth of the Missouri the banks cave in, on the

average, at the rate of 20,000,000 cubic feet per mile in the course of a year. A single illustration will show the
speed with which ercsion occasmn'ﬂly goes on. On July 8, 1877, a cut-off took place at Omaha, which resulted in
throwing the river with great force against the Omaha banl}. In his December report for that year Mr, Max
Boehmer, United States assistant engincer, stated that in a short time, the exact length of which was not mentioned,
the river lmd cateninto the bank a distance of 1,200 feet, till farther advance was stopped by throwing insand-bags,
stone, and brush, and by the construction of a revetment 2,000 feet long.

The Missouri now affords continuous navigation from itsmouth to Fort Benton, in Montana territory, a distance
of more than 2,600 miles; passing above Fort Benton we find it again navigable beyond the Great falls, Bub in
speaking of the river as navigable below IFort Benton, it must not be understood that it is throughont this distance,

or at all seasons of the year, favorable to such use, for that is not the ecase. In extremely low water there is not
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mueh navigation on the lower river above Kansas City, less than 400 miles trom the month, and u\“’uu wnver tkl
distance it is difficult. On the upper river considerable freighting is done to and from Trort Benton of governmend
supplies, furs, hides, wool, and cattle.

On the lower river the prineipal hindrances to navigation ave snags and shifting bars, Tho 1)511‘11{-‘4 ure generally
timbered, and since they are so constantly caving in, especially during high wuter, they earry avith thm;f i et
many large trees, which speedily sink and beecome imbedded in the river hottom, rendering sato progress tor hoats
at night out of the question, During freshets the tributaries of the Missouri bring in a great deal of miseelluneons
floating drift. T was informed that at the Iansas City bridge this somotimes lodges i masses against the piers,
rapidly aceumulates, and, if not broken -up, is liable to dam up tho river even more eflfvetually than an ivvx;:t.trgv.
As we advance up the river, however, less and less timber appoears upon its Danks, and above the mouth ot the
James there are comparatively few snags,

"The important cities which have sprung up on the banks of the Missonvi, amd the ngricultural interests whivh
have developed i its great valley, have alike demanded that some action should be tuken toward the contral of
so dangerous a stream ; and within the past few years considerablo sums uve been spent by the general goveriment,
mainly for the protection of threatened points. The work hay heen fo seme extent expevimental, bt very
suceessful, and remarkablo results have been brought about by the very simplest contrivances,  The difliculties
and great expense attending improvements carried on at a fow remoto points on the rivery whers the wark is
usually of very limited extent, and the advantages to accrue to the whole valley hy its proper proteetion from the
encroachments of the river, have led to the design of & gencral improvement of the Missouri helow Sions Uity
The points which are sought to be insared by this plan arve, as stated by Major Suter:

At any stage, equality of cross-section botl in width and depth, uniloriity of wope, il i consequenes, uniformity of veloeity,
while tho channel at all gtuges shall bo permanent in location,

Major Suter considers that from Sioux City to the mouth, n distance of ahout 800 miles, n uniform mivigathle
deptlt of 12 feet ut lowest stages can Lo guaraunteed. It is estimated thaty i this work be undertuken apon a
sufficiently largoe seale, it may Lo completed for the above distance at a tofal expense off SRO0O000, or RIOH) per
‘mile, the improvement to progress at the ratoe of about 100 miles a year,

As to the value of the Missouri river for water-powoer I can say but little,  Phe upper portion of the stresum,
where it lies among the mountains, doubtless presents opportumities for vealizing great power, thangh it s
inaceessible, and no present demand exists for it. My visits to this river did not extend above Yankton, uid it ix
evident that over the navigable portion of the Missouri the obtuining ol nseful power by uny erdinury methods is
not to be thought of. It has frequently been suggested that upon many of the vapid western rivers, sueh ws the
Missouri, Platte, Loup, and Blkhorn, paddle-wheels, supported upon barges moored in the current, might e used
for power. I have not, however, met with any such device in operation, though there is w rumor of one having at,
some time Leen used in the Missouri at Sioux City, Weishach gives the theovetical delivery of o puddlewheel 10
feet high, with 8 floats, cach 12 feot by 1L foot in the water, the latter having w veloeity of b feet per sevomd, to bu
614 foot pounds per second, or a little more than one horse-power,  Lhe spoeed of the Missowrd river carrent varivs,
in different localities and stages, from about 3 feet to 10 or 15 feet per second; but though it is possible to obitain
small powers with some such contrivance as indicated abowve, still the results are too slighty and the practiesl
disadvantages too great, to admit of their extended use. '

Drainage arveas of the Missowri river,

[Menasured on Genoral Land OMlce mnps, )

Loeality. Square miles. Loculity, Bouare wilea,
Junetion Thrveo Forks of the Missourt river......... e PR 13, 780 || Sloux (}Hy......‘......._..............‘...”..“....,m.‘,,,..m,,}I B L]
Tort Bonton .uevierenens eoraeeree et raenaaaae 25,216 || Above PIatto vt oo evnes DO i, 5
Dauphin Rapids 30,480 || Bolow Plntte 1iver, ... T P 1, wad
Below Milk xiver coevervnnn. Neanarseenararnanrannenn Carervmanen 80,201 §| ADOVO JINHNE TIVOE s aanannevernsssssnsssmrsnscernasrsnassssrnnsi [ PO iX]
Abovo Yellowstono river ceav. .. . 08, 010 || Bulow TCANOAS YIVET. s corvneesansnuonsessraninssrs evsrrerennnasne] Anfl, L5
Bolow Yellowstone 1iversee .. ... . 106, 386 || ADovo OBREO TV .0pursavrnnnsrcaescnens Neaaresravieaces ik, Vdl
Bismarck (hove Big Iloart viver) ceen e 188, 084 || Blow Oanizo rIver . vvvevarnenens e R e nas Ceeian PR ! Fotin, g
Fort RAndat. ... ivimeirmneeneansnmsrnasiannaens femnaraergaraans 208, 851 |t Aouth of Missonrd rver. covvee i ansisiennsncinas Se ke hnenea e 104
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Summary of obscrvations on discharge of the Missouri river at Saint Charles, for the year 1879,

[Meagnrenents made undoer the direetion of Major Charles R, Sutor,]

{3\'«{1‘(\ g0
e ey | CISCTIATES
{};&}é‘ﬁ% in cubio
Month, Lotal dischargo in Avorage Quily dis. (in poty l)ii‘- feot: pox pee-
outlh. cuhio feot. charge in cubie foet. fool W ond per
o SV DU equare mile
seeonts W drainage !
aren*
TOIURYY eennnnrennns 01, 767, 040, 000 2, 960, 872, 258 34, 260 0. 06503
FOlLUATY cvananeenn 86, 550, 209, 600 3,001, 082, 120 45, 776 0. 06780
Marel coiveeesennan, 100, 479, 086, 400 3, 501, 002, 787 40, 875 0. 07756
U 5) SN a78, 837, 942, 400 9, 204, 608, 080 107, 576 0. 20418
MEF venree amenvaan . 200, 505, 036, 000 6, 061, 481, 807 7,100 0, 14630
JUNO. teivarinnnnronns 418,716, 201, 200 13,700, 543,040 159, 613 0. 30287
JUY cverreniieean 481,738, 838, 400 15, 530, 062, 520 179, 861 0, 34120
August......,.. . 205, 540, 259, 000 7,975, 685, 703 84, 200 0.15070
Septomber 100, 480, 604, 400 3, 540, 366, 480 38, 766 0. 07956
. October........ 80, 238, 243, 200 9, 688, 449, 761 20, 058 0. 05085
Novembor 133, 600, 867, 200 4, 450, 362, 240 01, 678 0. 00787
December 126, 6571, 248, 000 4,082, 943, 484 47, 266 0. 08967
YT SO 2, 385, 143, 046, 400 . 0, 307, 634, 648 7, 047 0. 14051

*Drainagoe aren nssumed ot 527,000 square miles,

III.—TRIBUTARIES ON THE EAST SIDE OF THE MISSOURI RIVER, BELOW
YANKTON. |

In deseribing those rivers which aro tributary to the Missouri on the east, I shall consider the move important
ounes in order, beginuing with the Dakota and ending with the Charviton. Above the former stream the country is
butlittle developed at present, while below the Ohariton no accessions of any consequence are reeeived from the left.

THE DAKOTA. RIVER.

Taking its vise in Gingras county, in northern Dakota, this river flows over & long and crooked course having
‘a general bearing to the south, and finally reaches the Missouri about 9 miles east of Yankton. It is said to Liave
been called ZRividre Jacques by early Freneh traders, a namo which beeamne, in English, James river, and by which it
is still eommonly known, althougl its name has heen declared by law to bo the Dakota river.  Its souree is distant
but & fey miles from the headwaters of the Cheyenne, which empties into the Red River of tho North, Its basin
strotelies thence to the southward through five degrees of latitude, and is 340 miles long, with a width varying from
60 to 90 miles. The arca included within its water-shed lines I estimate as about 22,000 squave miles; bt the
topography of this region is so little known, and so slightly represented on maps, that these figures cannot be
considered very accurate. Following the general course of the river, and negleeting the lesser curves, its length
is 415 miless; but if all the curves were taken into account, by accurate meandering, it wonld doubtless appear two
or three times as long. In Dakota it is popularly vegarded as the longest river in the world that has no natural
capabilities for navigation. ' _

Tho greater part of this river is so difficult of access, that I have heen able to obtain but little information in
detail concerning either its own features or those of the valley and surrounding country. This region was evidently
once covered by glaciers, and the line of a terminal moraine, passing down between the Missouri and Dakota rivers,
crosses the lower course of the latter. Deposits of drift material are displayed along the river, and appear also
upon the face of the surrounding country, though not to such an extent as to interfere with its enltivation, A great
many small lakes are to be seen, which were probably left when the glaciers had reeeded ; some of theso drain into
the Dakota river, but most are apparently isolated, Within 30 miles of the river there are numerous little erecks
which find their way into it, but they are of no consequence, and duringfall and winter many of them run entirely dry.

The valley of the main stream has been discovered to be of great fertility, well adapted to the production of
wheat and corn, and within a year or two has attracted a considerable immigration, Still this section is but sparsely
settled, and the combined population of all the counties directly bordering the river is only about 23,0005 and 80
per cent. of this number is confined to the six lower counties. Mitehell, on the lower river, and Jamestown, on the
upper course, are two of the most important places. ILines of railroad already cross the stream at various points,
and are pushing on to the westward. A north-and-south line is being built along the valley, and from Jamestown

the Northern Pacific Railroad Company is extending a branch to the northwest, toward Mouse river.
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| A:'l(,lmugh t\lm.l)ulmtzb river is not naturally navigable, it is considered by some that slack-water navigation is
practicable, especially toward the mouth, In consequence of & dam at Columbia, slack water is caused fi or long
distance above, and small boats are enabled to use that portion of the river durin’n' a parb :)f the f:afx ¥ J(?)'l ‘ﬂ: Oléi
as Grand Rapids, some 70 miles by general conrse above Colombia, Tn 1874 a’n exan?ination of ti]e Své:; ﬁﬂss zlletllmb
& government engineer, («) - The stream was found to be so tortuous, and to carry so small a volume of (wat]e(r ttzalmstr
improvement of the nataral chanuel by ordinary methods was not thought prabticablw it also seemed d011,bblell
whether, by danuuing the outlet of luke Tehanchicahn, sufficient water could be stored e,ven to supply-a canal

The immediato course of the river lics through bottom-land, which is sometimes gently rolling a1;d ‘ r-v'ell
and again flat and marshy,  From the bottom-land there is a gradual rise to the bluffs, which are low: ang geyon{i
t?msu stretehes the open praivie,  In the vieinity of Jamestown, and for 40 miles below, there is a sljight fringe of
timber along the stream ; bub over the greater part of the country drained by the Dakota none of any importance
appears.  Along the eourse of the stream there are geveral lakes, which are merely widenings-ont of the channel ;
two of these oceur 25 mileg north of Jamestown and have received the names of Arrowwood and Jim lakes. Eacﬁ
is about 6 miles long, hall a mile wide, and with banks 20 to 40 feet high. They might be of some value for storage
but i is said that if they were to be raised by o dam the structure would need to be 1,200 or 1,300 feet long. ’

The Novthern Pacifie railroad erosses the river at Jamestown , county-seat of Stutsman county. A small power
Is used ot this poing by o ouring-milly the dam is of erib-work, with brush and stone filling, and gives a Lead of
9feetc In summer the viver is 25 or 80 feeb wide hero, and the privilege is considered good for 40 horse-power;
but in winter the width iy only 10 or 15 feet and the supply of water is 5o small that the water-power is worthless.
The banks are about 10 or 14 {eot high above low-water, and are the same at Grand Rapids. Between Jamestown
and the latter Toeality the viver has a fall of 100 foet or more, with no sites improved, though it was reported that
work on one dam had been begun, - Trom the government engineer’s report, previously allnded to, it appears that
from a point distant 3 miles below Jumestown a ehain of rapids extends for 9 miles, with a fall of 54 feet. * From this
seetion dowi to the vieinity of Grand Rapids there are munerous riffles ; some of these are 2 miles or morein length,
and one hasy for & miles, o fall of 122 feet per mile.  From Jumestown to Grand Rapids the river-bed is composed of
sand, gravel, and howlders, and the banks range in height from 10 to 18 {feet.  The volume is small at low-water,
but fovring. and gristmills of moderato size could probably run during the greater park of the year.

At Grand Rapids o daw 0 feet high has heen built of Drush and gravel in alternato layers; but the power is

not yeb in use.  Below Grand Rapids the viver is very sluggish, and has but a slight deseent. General W, II. H.
Beadle, of Yankton, says of he portion lying above Colnmbia:

T nave sirveyed publie Tunds al yurious potots for 80 miles below Jamestown, and have traveled along the Dakota (James) river
froon Yanlton to Jowes{own sovernd times In 1873 aud since, In wy suevoys T have had oceasion to cross- the viver by wading it in

wabably thivty places between Grand Rapids and Columbia,  Speaking of thnt region espocially, from o short distance below Grand Rapids -
i ) Y1 1 it 3 {2 ) M Y

to Colmmbia--snne GO miles by road sl 120 by river—thero 8 practieally no £all to the river, I have measured the width of water in
twenty ov thivty pliees; and it 1s from 25 1o 43 chains wide, or from 160 (o 300 feet—nowhere narrower than 150 fect, I believe, Its depth
is very wniform, ahont 34 feet n July, August, md Septembey, the dvy season,  In places it is 5 or 6 foeb deep. ‘

The banks are wsnally the black lomn and elay of the bottom-lands, though in places thoy are higher and more solid and dry,
Heavy grass groses on thens nid very oflen down into the water from 5 to 16 feot.  This purt of tho river and generally near tho banks is
mwldy, & ran sinkiug eanily 8 40 13 inches in ity bob in the middlo of {he stream, for awidth of 60 to 100 feet, the bobtem is firm and
often howd, apparently sandy, on (he surfaee ab least, A dam atb Columbin wonld back the water nearly to Grand Rapids; a dam elevated
12 fect would back it abovo (rand Rapids,  That rise would {il} the banks fu most pluces and overflow some low ground, not so valuable
for any other purpose,  The surfues of water obtained by o Qam 12 or 15 feot high at Columbin would reach, including the so-callod lake
aliove Colmbia, an aren of 15 or wore squars wiles, and would afford o vast storage for water to o nsed at the dam and ab numerons
millsites 200 milea below to {he Missourd viver,

The river continnes singgish throughout the remainder of its course. The bed is generally muddy, but there
is an outerop of sundstone at Roekport, and it is reported that both sandstone and limestone appear 20 miles above.
No power js used except by o fow flouring- and gristamills below Mitehell. Between that point and the mouth of the
river a total fall of 38} feel is veturned as thus employed, probably leaving but little of the descent of the‘s’cream
unimproved, The dams average perhaps 100 feet in Iength by 8 in height, and ave of varied qonstruction s in some.
easess {ramed, while in others they ave rudely built of stone and backed with earth.

No eontinuous line of levels has heen run along the course of the Dakota river, Railroad surveys show the
river smface at the Northern Pacific crossing to bo 1,385 feet above the sea; and atthe Chicago and Northwestern
erossing, in Beadlo county, 1,228 feet abovoe the sea. By wap measurement the intervening distance is 252 miles,
in which there is thus a deseent of 157 feet, or an average ot 0.62 foot per mile, . . - '

The rainfall over the basin of this river may be taken as approximately 6 inches in spring, 10 in summer, 3in
autumn, and 2 in winter, making o total of 21 inches for the year. No measurementslhave been made of the volume

of the stream, and it cannot bo estimated with much acearacy. For low stages, however, the rate of discharge

probably lies hetween 0,01 and 0.02 cubie foot per second per squave mile of drainage area.

a Seo Beport Chief of Bngineers, 1874
: 299

IR ST LIPS



16 | WATER-POWER OF THE UNITED STATES.

Iistimated volume and horse-power of the Dakota river.

LOW WATER, ORDINARILY DRY YEAR.]  LOW WATER, AVERAGE YEAR. AYAIL““‘:’\”\.& ﬂ?m %.95 ALONTHE 1N
i |

Locality! : Dl’i}m'ge fgolt];bigv Volumo, Th]"'m:uﬁc“l f((:jgil;bigr Volume, 'l‘h{mryetical fgeltl.bzgr Vilume, |Theoretical

. second per | eubie foes 0“?25;}.‘] o Jccond per | cubio oot | 0“%‘;‘?']0 second per | cubio fce? 1\01\2[‘;3{

“1‘!11‘1‘{3" perseeont | foog fiead, B{}H{‘&B persocond. i fouehand, Sgllilflcl_o DETBECONE. { oot hend.

: 8q. miles,

JRMESIOWI cevevimarincenacmenscnavaaaenan 38, 600 0. 005 18 20 . 009 30 34 0. 023 §0 00
Grand Raplds. ... .... e 5,500 0. 005 28 a2 0,013 . 70 80 | 0, 024 130 150
[81:157171)) 1, IO © 10,000 0,007 70 ] 0,015 - 160 170 0, 025 250 80
ROCKDPOTE «viveecremnnieacnens, r o amenne 20, 500 0.008 . 160 180 0, 018 370 420 0. 020 630 [Hili]
Mouth of 1V0r. oo v v e e 22, 000 0. 008 180 430 0.020 440 500 0. 028 G20 700

TR VERMILION RIVER.

Tiwo small streams, the Bast and West forks, unite in Turner county, Dakota, to form the main river, which
then flows southerly to the Missouri. From the junction of the two forks to the mouth the distance by gencral
course is abont 45 miles. - The drainage basin comprises an area of 2,230 squnare miles. Its surface is rolling,
destitute of timber, and fertile from the hottoms of the valleys to the tops of the hills, Its value for agriculture has
attracted o rapid settlement by people of various nationalities, including many Russian Mennounites,

The Bast and West forks are not more than 10 or 15 feet wide in an ordinary stage, and thoe average width of
the main stream is probably not greater that 30 feet. It has very little value {for power; there ave o few flouring-
and grist-mills, which obtain power for two or three runy of stone, but they are short of water part of the year, and
are obliged to use steam in some cases. The volume of the stream is derived, not from springs, but from suface
drainage, and henee, during the fall and winter, when the rainfall is light, there is but little water flowing—in fact,
the Tast and West forks often dry up entirely, or become & mere chain of stagnant pools,

THE BIG SIOUX RIVER.

So far as concerns value for water-power, the Big Sioux is probably the most important tributary of the
Missouri on the cast; mainly because of its size, its rate of descent, and the large fall over rock ledges oceurring nt
Sioux Falls, It rises 20 to 256 miles west of Big Stone lake, in the southern part of the Sisseton and Walipeton
Indian reservation, in Dakota. It rung southerly, nowhere more than 35 miles west of the Minnesota boundary, and
reaches the Missouri river a short distance above Sioux City. The latter part of its course forms the division
between Dalkota and Towa. The length by general course is about 210 miles, but the rviver is very winding and the
true length is much greater. Thereis an exceptionally long bend at Sioux Falls, where, between points distant
Dt 2% miles in a straight line, the intervening distance by water is claimed to he 17 miles.

The area drained by the Big Siotix includes abont 7,880 square miles. The surface is a rolling prairie, fertile,
but almost entirely without timber. Scarcity of fuel is, indeed, an important defect in this section, and the settlers
are sometimes compelled to resort to burning hay, sunflower stallts, and corn, ag substitutes for coal and wood.
The basin of the Sioux contains a great many Drift lakes, similar to those found in such large numbers in Minnesota;
they are not seen below Sioux Falls, but above that locality are very numerous. Kampeska, Poinsett, and the
Chain lakes are some of the most important ones. The latter are said to cover an area of 15 square miles, and
Kampeska and Poinsett are still larger. The Drift lakes are usually of fair depth, and though in mostcases they
have no apparent inlet or outlet, still their waters do not become stagnant, They undoubtedly assist in maintaining
the low-water volume of neighboring streams, by percolation through the ground. Nono of the lakes which drain
into the Sioux are damined, but the opinion was expressed by a surveyor well acquainted with the country, that all
the larger ones might be thus improved, at a total expense of not more than $50,000, and rendered valuable as
storage reservoirs. The evaporation from their surfaces must bo very great. They lie in an open country; elevated
1,600 feet or more ahove the sea, and the brisk, dry winds, which are constantly sweeping over thejir surfaces, make
heavy drafts on their volume.

The agricultural value of this region has invited a rapid settlement, and, according to the slatistics of Mr,
Henry Gannett, the population of the Big Sioux basin has inereased from 6,173 in 1870, to 61,010 in 1880. This
development has been fostered and hastened by constant railroad extension. At numerous points, well seattered
along the whole course of the river, it is crossed by east-and-west lines, and a division of the Chicago, Milwaulkeo
and Saint Paul road follows up the valley. The immediate valley of the stream is usnally 1 mile to 3 miles wide,
and above Sioux Falls is probably composed of modified Drift. In the lower course it is alluvial, and presents &

wide, flat surface, bounded by distinetly defined bluffs. At Sioux Falls thereis an interesting exposure of red Sious
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quartzite, which is said to appear at intervals to the eastward in Minnesota, and westward to the Missomi river.
Possibly it was this, and not sandstone, which was reported to me as being found at Rockport, and points above on
the Dakota river. There are also oceasional outeropping ledges of rock at points on the river above Siounx Falls.

In Minnehaha county the Sioux is 100 to 150 feet wide, rapid and shallow, inelosed by banks 10 to 20 feet in
height. In its lower course the average width is perhaps 200 feet, while the current is generally sluggish, varied
now and then by riffles. The banks are of loam, except where, as at Sioux Falls and above, rock appears. The
stream is well sustained by springs, and has a steady flow from month to month. It is not much affected by
ordinary storms, and has only once overflowed its banks extensively in twelve years,

Lllevations on Big Siowx river,

. : Pall he. | Tatanes |4,
RTINS Tlovation e o | Fdlbebween
Loculity. ahuvo sen, 1":“‘:“(;‘ 11‘)?)(11‘:6;11 points,
. l Treet, J Leet, Miles, ( Feet per avile,
yatert I i 760
Watertown t 1,7 } 13 m o 57
Noor Broolingst ceeeesveneeniiaeennn 1, 600 1 o . o o
Motth of 2486 .venreenss veeeerann Lo |5 00 it 507 |
* Map measurenumt, FWater gurfiee nb Chdengo and Novihwoentern crossing, 1 Batimated,

Below Sioux Tralls power is employed by & number of small flouring- and grist-mills, carrying from two to four
runs each, and having o large surplus of water, The dams arve 150 to 300 feet long, about 8 feet high, and are said
to be usually built of logs. There are doubtless available sites on this part of the river still unimproved.

The most important power on tho river iy that at Sioux Falls, which probably has no equal within 200 miles
in natural value and thoroughness of development, The eity where this power is located wos bub a few years ago
a mere Indian trading-post. Xt is situated on a bend in the river in the southeastern part of Minnehaha county,
and has good railrond conmections in all directions. The river here deseends 60 or 70 feet within o short distance,
The falls are caused by ounteroppings of red quartzite, ledges of which cross the stream. The appearance of such
- mass of roelin o section where oxtensive exposuros are rare, and the natural beauty of the falls, combine to
render the place of note far and wide, Thoe roek is so hard that 16 will serateh glags, and is susceptible of & beantiful
polish; it is diffienlt to work, but still has been used successfully in tho construction of race walls and a largoe
mill, and a quarry hag been opened near the river, where the stone is obtained in slabg of convenient shape, and
large enough, if desived, to weigh several tons e wh. Whero the Siowx quartzite is exposed, at the falls, its sarfaco
has heen weathered till quito smooth, and it is foll of vertical fissures running at right angles to each other, The
ledges form a kind of natural dam, over which the viver rushes in a sunecession of beawtiful eascades,

At tho time this power was visited ils improvemoent was in a very advanced stage, and was expected to be
completed during the year1881, The privilege iy owned by the Sioux Talls Water-Power Conpany, having a paid-in
capital stock of $450,000. Thoe work of improvement has been done in the most substantial manner, It has not
been confined to the mere erection of u dam and provision of water and building-sites, but the design has been to
provide everything—rater, mill, and machinery—roady for use, To this end there has been built what is called
the “Queen Beo” mill, aba cost of $200,000; if is 100 feet long, 80 foet wide, and soven stories high, It is strongly
built, with thick walls of the hard quartzite alrcady deacmbed i within are found the most recent improved kinds

lmachmu‘y for the manufacture of flour, and all conveniences.

The present capacity of the mill iy 600 barrels of flour a day, and it is elaimed to have & possible capacity, when
fully employed, of 1,200 barrels o day. At the time of my visit tho rates to be charged for power had not been
fixed upon. Adjoining the Queen Bee mill is o grain elovator with a capacity of 125,000 bushels. The shipping
facilities are good, and spur tracks run dirvectly to the mill. .

As already stated, the rock ledges form a very good natural dam, and the only artificial addition necessary is
2 low framed structure, 70 feet long and 4 feet high, The descent of the river is so rapid that the pond will be
small, covering but o few acres. Irom the head of the falls & race has been blasted out for about 200 feet, and
flanked by heavy masonry walls, The rvace is 25 feot wide and 12 foet deep ; at its extremity there is a bulkhead
of masonry, pierced by two circular openings ; from one of these a tubular jron flume, 7 feet in diameter, and made
of No. 4 iron, weighing 683 pounds to the sheef, (,onveys water to the wheel-pib. Tho second opening in the
bulkhead is now closed by a gate, but will he used in time for thée ontrance to another tube, to earvy water for
additional power., The head of water on the wheels is 56 feet 4 inches, and the privilege is claimed to be good
for 1,240 horse-power (theovetical) in the ordinary stage of river, and for 2,000 horse-power many months in the
year; aboub 300 horse-power will be used in the Queen Bee mill.  The water-power company owns an additional fall

of 14 feet below this one, whieh will not be used at present.
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TImproved power at Bioux Falls, 7 7 /
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HQueen Beo™ mill,

&, 2,

IMIROVED DOWER AT BIGUX FALLS,

This section of Dakota is well suited to sheep raising, and though the power I have deseribed hag Deen
doveloped mainly with a view to the manufacture of flour, it is hoped that there may be attracted to it establishments
to engage in woolen and paper manufacturing, In the absence of any records of gangings, I estimate the power
available at Sioux TFalls as follows:

Estimale of power at Sioww Falls.

- wator 1 wenton | SVRiIALIG
Drainaga avea, 4,370 square miles, I(‘l‘l’t‘]‘ill“(lﬁl(“;' Ix(x‘:‘u;‘ullél' ten “‘“‘_’””‘
dry yeat, year, | IR Averge
year,
. Volume, cubic feet porsecond...ooooil e 70.0 110.0 180.0
Theoretical horseqower:
Teothend. coeeie vimmonconiiiiiiaiananiinn, &0 12,5 20,4
10 feet head.ooveuannn, Marvreinsnenoeranenns 80,0 126, 0 2040
60 feot end 450, 0 700.0 1,140, 0
TO feot end. .o oot ciat iy e ia e s 660, 0 870, ¢ 1,480.0

A short distance above the water-power company’s privilege is another, oceupied by the Cascade flouring-mill.
Four runs of stone ave carried, the water-wheel being rated at 76 horse-power, and working under a liead of 8 fect,
There is water enough to run the mill at full eapacity ten months in the year, and nearly at full capacity th
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remainder of the time. The dam was built in 1877, and cost $4,600, Itis a stone structure, 100 feet long and 5
feet high, and sets the river back for about 8 miles, There is another flouring-mill below the talls, but I have no
particulars coneerning the power,

Ascending the river, the next improved power above Sioux Falls is at Dell Rapids, 17 miles north, where there
is o four-ran flouring-mill, using about 40 horse-power, with 17 feet fall; the privilege is owned by Mr. William
Van Epps, of Sioux Falls, A stone dam was built in 1878, at o cost of $2,000; it is 40 feet long, 14 feet high , and
has a width of 14 feet at the base, deereasing to 7 foet at the top, M, V w Epps considers his privilege good for
ten runs of stone ten months in the yoear,

The only mill above Dell Rapids, of which I could learn positively, was one at Flandreau, in Moody county;
three runs of stone are carried there by a flouring-mill using 10 feet fall.  The dam is mainly of brugh and gravel,
68 feet long and 10 feet high; it is supplemented by an embankment 300 feet long and perhaps 5 feet high, the
cost of the whole structure having been approximately $2,500.  Tho viver is set back so as to form a pond of about
100 acres, averaging 4 or § feet in depth,

Thero were 1‘01)01‘1(3(1 to bo one or two small grist-mills below Flandrenu, cither alveady built or in process of
coustruction, but I learned no details regarding them, Only & small portion of the fall in this upper part of the
river is yet improved. The locations of all tho unoceupied sites can not bo given, but I was informed by Mr, R. I,
Pettigrew, of Sioux Falls, o gentleman who hag surveyed along this section of the river, that there is a pood
unimproved privilege 2 miles above Flandreau, with 9 feet fall; four or five privileges, with about 10 feet fall cach,
between Kgan (below Flandrean) and Dell Rapids; two near Sioux Tralls, with stone ledges ; and four or five below
Sioux 1«.1115, between that point and Canton.  Generally &penkmg‘, & power may be developed every 3 or 4. miles, with
an available head of ten feet, Above Tlandreaun there iy hardly enough water for good powers, but by raising
Kampeska lake, this scetion would be made valnable, That lake has an area of 28 square miles; it has a gravelly
bed and is fed by springs. During high water, the Big Sionx sends part of its volume into the lake through a
* side channel, but as the river goes down it reccives drainagoe from the lake through the same channel,

The rainfall on the basin of the Big Sioux river is about 7 inches in spring, 12 in swumer, 4 in autwmn, 2 in

winter, and 25 for the year. I can learn of no gauging having been made on this stream, and ﬂmrufore b%e my

estimate of its volume upon a comparison with tho Minnesotaviver, The country drained by thelatter viver above
Judson is similar to that drained by the Big Sioux; therainfall during the different seasons is also substantially the
same over both districts. In the report by Gener: 11 (, IX, Warren, Corps of Tugincors, on the Minnesota river, (@)
its low-water volume at different points is given asin the £oll<)w1ng; table:

Low-water volwmes of Minnesola river,

[Lowest observed, butb not necessartly tho lowest that thero have boow,)

) Volume Cublo foot

Loeality., 1)1-a;llmtp;n oubio fooy | DT second

L por gocond, 1’“1;‘:’1?&‘.“10

. . Squaremiles,

Toot of Big Stono 1Ko vvuueveniinnisncirvinns 020 11 0,012
Abovo Pomme 10 Lorro ereelt e auvesvnsesn vaus 2,620 42 0,010
ADovo Boldwood FIVer secernsvvrnar sarsee vanass 8, 640 217 0. 095
Tort TUAERIOY wvenrurrvmirarsostmnnnsrnrancasen 9, 850 253 0,020
Abova Blg Cottonwond Tiver vevvussvasvssensunn 10, 100 207 0. 030
JRABON wvvner vannen 11,040 807 0,033
Dello PIING cuvevsvennnins 10, 380 1,675 0. 096
Above Little Rapids..... arvasrae P, . 16,600 1, 024 0,115
Mouth of Tiver.eeeceiiiianieeane. e avaaan, 17,280 *1, 155 0. 007

*Oliserved November 25, 1807

The Dasin of the Minnesota is a praivie region above Judson, but below that point soon DLecomes thickly
wooded., :

For the Big Sioux river I assume the rates of dischargo to be:

(1) Low water of an ordinarily dry year, 0.016 to 0.018 cubie foot per second per square mile of drainage area.
(2) Low water of an average year, 0.025 to 0.027 cubic foot per second per square mile.

(8) Available ten months in an average year, 0.040 to 0.043 enbie foot per second per square mile.

a Sco Appemlw J., Repovt Chief of Engineers, 1875, pago 53.
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The resulting volume and horse-power are as shown below :

Istimated volume and horse-power : Big Sloww river, :
LOW WA'rxcn,Y E}:}l‘\mi\mm nRY TOW WATEL, AVERAGE YEAR. AVAILABLE 10 \l(;)'mns IN AVERAGR
. . Drainage qihin ! . i ; io V
Looality. aren, [glq;tghigv Volumo, Thﬁ?“}?g"m fgultl;h;;x Volume, | T8 ;‘l‘(’]‘;%t,‘_c"l fﬁ:tl;b::\vr Volume, Thf- oretien]
Hccmu‘ per | enbio feet ]w“.’z‘:f "10 second por | cuble fout powar, “yp fsecond por| eubie foog P n\isﬁfo'l o
s;lulﬁx‘}u por second. oot hiend. a:]nuiitéo per sceond, oot lroad. HHI‘H\JO per seeond, Took hénd.
Sq. miles, .
TIADAYOMN vovveveinnicaeinntrrscnenor nns 3,270 0, 010 0 60 0, 025 80 90 0, 040 130 150
DO RAPIAR ceeraciae ceerenrnirnenrannnn i}, 500 0, 010 €0 ©T0 0, 025 90 100 0, 042 150 170 |
Sioux Tally cveeeanaa... 4, 370 0, 017 70 80 0, 026 116 125 0, (42 180 200 l
Baon cencuiiiiiaiiien o G, 300 0. 018 90 100 0. 020 140 160 0. 043 41 280 H
Month of river..coveerieniiieiienaaia vann 7, BRO 0.018 140 160 0, 027 210 L0 0, 0433 HEY) S0

Of the tributaries of the Big Sioux, Split Rock ereclk, which comes in to the east of Sionx Falls, is used by a
small grist-mill at Palisade, but carries scarcely enough water for that, and is of no importance,

ROQUK RIVER.

This is the largest tributary. I rises in Pipe Stone county,in southwestern Minnesotn, and, flowing southerly,
rans across the northwest corner of Iowa and empties into the Big Sioux 45 miles, by general course, ahove its
moutk. The bed and banks are gonerally sand and gravel, and display no ledges. The banks are low, and on one
side or the other are frequently notmore that 3 feet above low water.  The stream is fairly steady; it rises, however,
with the June rains and overflows its Lanks half a mile in width on each side. It commonly rans an average of
30 to 50 feet wide and 2 to 4 {eet deep, with o moderate carrent.

Tower is said to be used by flouring-mills at the following points : Luverne, one mill of two runs; Aslh creelk,
one mill of two runs; Rock Rapids, two mills, each three runs; Rock valley (near the mouth), one mill of four or
five runs.  The dams are estimated to average 50 to 75 feet in length, 7 to 8 feet in height, and ave in some cases
constructed of brush, In building the latter, the bed of the stream is fivst covered with logs or trees having their
branches on, the buts down-stream ; upon these are added successive layers of brush and stone, and the interstices
are filled with earth and manure. Lhis style of dam is claimed to be durable and reasonably tight. The Tuverne

FRITCIL BITOWING CROKRS RECTION OF BRUSIT DAM,
will hay & brush dam 45 feet long and 44 feet high, which was built in 1878, ab a cost of $200. The pond extends o
mife and a half up the river, The mill is able to run at full capacity at least ten months in the year.

.

Fstimated volume and horse-power: Rock viver,

LOW WATER, ORBINARILY DIEY YEAW, | LOW WATER, AVERAGE vEAR, | SVATRALLE 10 MUNTUS 1IN AYRRAGE

YEAR,
Laoeallty Drafnage Culio Cubie Cuhie
. e, ) ] v roble Jubio Mt Cubie _ Theoreties
. ue feat por | Volawm, ‘“‘;‘:{’,‘l‘ggf A oot jer Volume, |* l'ﬂ?f,gt}_“'”l feet per Valm, 1-1‘;‘:::‘:“3' al
seoond per | eubie foot ower, 10 | decond per cubie leot powet, Ty {seeond per cubie {oet pm\'u‘r‘lﬂ
quary A e e, N X argocond, | PR sy ) RO
ﬁ]]“ﬂu.l persecond ‘ot hend, u;{ll}li\‘}u pur gocond | Teot head, q;ll‘xil{:\m per seeond fent hond.

S, anviles,

|

LRYOTRO 1t cramees vermnmeens ceeenenens 450 0,010 6] oo 20 o 0,063 50 i
RoCT RAPIta-veressrvnene.. oo el 800 0,010 o] oo % 40 0. 065 5 | 5
Month of Hiver..coiviiicmasaaniiiiiae e, 1,060 0.015 5 84 0, 065 1 [

20 0. 045 7
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Summary of power used on vivers of southeastern Dakota.

. ’ Total
Stream, . W Lo W y s tarritory. ; Numboer [ Total | horse-
Stream Tributary to what. Stato or territory. County. ) Xind of mill, of mills. | £all usod, powor of
whecls,
Feet,
Dakotteenean. vervsnmmr e Misgsouri.eeen.an. irevmeanas Dalota covernsoae| Xankbon.ocivninnnnaes TFlour and g8 .vuvernane 1 (i8] a6+
Hutehinaon, ccvenvnnss 1 8 42
Armstrong...... ., 2 14 60
NS URATTE) S, . 1 10 50
o Stutaman....oooaviien 1 0 40
T I SO RO USR] FRRUUOUNUUUSUOUR AOURTRRRR - o i 228
Vormillion ...... vraamenseruus Cloy covvnennnns PN . 2 15 81
) 01 NN counveres Turner ,c.... . 8 20 62
P B b5 35 133
L Plymonth cceeas vavenes . 1 5 40
Tayon cuevaennnyvenionons 1 10 i
.| Dakotn Union ceuipsnees [P 2 12 67
[P [ IR [ 11 T:T1) 1 RSO PR 2 10 70
Minnchaho vounans [T PO s (| ST vernnn e W, ] 178
Mooy . cosivnnanennenans
AP [ RN [, | Minnehaha ......
Roek. .. Somraseees rearen PR ORI A0 vuvvenisiniiieeesn. ToWiueeuuannneraas BOUX cooiivannen PYPPI
Do eeeeennn [N PO A0 v eniinaiaee S Y I O] TR
DO cvvivriniannrvnnrnennt]snnen [ weerateranannae Mimnesots voenney R H3TH) (S sevesraneanes
B2 (] 1) e O vennanne amasns

TRIBUTARIES OF THE MISSOURI RIVER IN WESTIRN IOWA,

In this c¢lass are comprised those rivers which the Missouri receives from the east, below the Big Sioux,
extending to and including the Nighnabatona, The other principal streams thus embraced are tho IMloyd, Little
Sioux, Soldier, and Boyer. The feature to which I wish especially to call attention is the geology of the region
drained by these rivers, It is underlaid directly by only two formations—the Cretaceous and the Upper Coal
Measures, Noar the mouth of the Floyd, on the lower Boyer, and at points on the Bast and West Nishnabatona,
their strata are slightly exposed, but in general they are concealed beneath the overlying Drift and Loess. The
Drift is 150 to 200 feet thick along the ridge which divides the drainage basing of these streams from the basin of the:
Des Moines, and maintaing o good thickness in northwestern Iowa, The Loess is thinnest on this ridge, but grows.
deeper as the Missouri rivor ig approached, and in Fremont county, in southwestern Iowa, attaing a depth of 200 fect.,

FMLZPOURE He

SKHICIH SHOWING RELATION OF RIVER VALLEY TO ADIOINING DEPOSITS (a).

The Loess, or Bluff deposit, as it is also called, is very pervious to water, and would probably have the same
effect as sand in maintaining a uniform and large flow in the streams, if these had cut their way sufficiently deep
to reach an impervious stratum which should shed the water into them, But in most cases they have not done this,
and, consequently, much of the rainfall probably sinks to greater depths, runs along upon and through the underlying
formations, and is lost to theso streams. Dr. Charles A. White says of this deposit (a):

Wator passes throngh the materinl of the Bluff doposit as effectunlly as through ordinary gand, hut not so quickly. That it is very
pervious to water may bo readily seen by observing the line of springs that issue st its base near the foot of n}m Dluffs, and nowhere
alove that line, That it is a0 pervious also appears from tho fact that wells dug in it, so far a8 has yet boen ageertained, inve never
afforded & supply of wabor until the base, or very near the base of the depoait was reached. It will thus be seen that this strange doposit,
although it is compaet, is vory porous, so that the water which falls upor its surface never colleets there in ponds, nor doos it acoumulate
ithin its mass, as it is known to do npon the surface of and within the Drift and streatified formations.

As defined Dby Dr. White, the eastern limit of this deposit in Towa has the folloging course: Boginning with
‘the southeast corner of Fremont county, it follows up the eastern water-shed of the East Nishnabatona to the
southern houndary of Cass county; thence to the center of Audubon county; thence to Tip-Top station, on the
Chicago and Northwestern railway; thence by & broad curve westward to the northwestern part of Plymouth county.

(a) Geology of Towa.

o ne
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THE FLOYD RIVER.

This is & small strean heading in Sioux and O’Brien counties, in northwestern Iowa. It runs southwesterly,
and joins the Missouri at Sioux City. From the source of Willow creel its length by general course is about 70
miles. The area drained comprises 1,014 square miles, and consists of rolling prairie. The river runs through level
bottom-land bordered by low hills; the bed and banks are generally of loam, and 5 to 10 feet in height. The current
is sluggish in the lower river, but more rapid toward Le Mars. In the latter section the average width ig 20 to 30
feet, inereasing to 75 or 100 feet for the 10 miles above the mouth. In an ordinary stage, where running frecly
with straight conrse, the water is 1 to 2 feet degp. The banks are not often overflowed extensively, hut the river
has been known to spread out half a mile wide at Le Mars, Near the mouth the ordinary June rise is but a few
feet, but in 1867 there was a rise of 224 feet, said to be the greatest on record.

The river has good railroad facilities, and is closely followed by the Chicago, Saint Paul, Minneapolis and
Omaha railway, and by the Illinois Central between Le Mars and the mouth. Sioux City and Le Mars are the
principal towns. The first power met in ascending the river is at Sioux City, but o short distance from the mouth,
and is used by a flouring-mill having three runs of stone, & brush dam, and 6 to 7 feet head.  The pond is 24 miles
long and 75 feat wide. There arc small mills, of one or two runs each, at James and at Mexrill, and one of four
runs at Le Mars. The dam at the latter point sets back the river for 2 miles, in which digtance it has an average
width of 40 feet, and creates a head of 10 feet. The mill is able to run ab full capacity by water-power eight months .
in the yeax, but a 30 horse-power steam-engine is used the rest of the time.

Blevations on Iloyd river.

2 Tall Distanco Fall
Loonlity, ‘{‘{lgsglg":“ botwoon | bebweon | batween
HOVBKUR 1 “hoints. | points* | points,
Feet, Iget, Ailes, | Ft permils.
Noar Marshallt cevaernnnan 1,185, 0 -
. ' 17 3,38
Noar mouthi..eeseeceoanaas 1,107, 5 } 67,5 !

* Map monsuremont.
1 Water surfnee nt Illinols Central vailrond evossing,
1 Water surfaco nt Sloux City and Pacifio railrond crossing,.

THE LITTLE SIOUX RIVER.

This important milling stream rises in southwestern Minnesota, but a short distance above the boundary
between that state and Iowa; entering the latter state it takes a southwesterly course to the Missouri river, which

GAR LAKE

MILES
[

ontle,.

LAKES NEAR HEADWATERS OF LITTLE SI0UX RIVER.
i
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it reaches some 40 miles to the northward from Omaha. Near its head it receives the waters of Spirit and Okoboji
lakes. Spirit lake, the more northerly of the two, lies just south of the state line, and bordering upon it ; it is
quite regularin shape, and has a surface of 9 square miles. The dividing ridge between Spirit and Okoboji lakes is
about 80 feet high, and through this runs the channel which conneets the two. Olkoboji lake is 2% to 4 feet lower
than its companion, and has approximately the same area; it has a horseshoo shape, with a length, following the
bends, of 15 miles. Narrow in the eastern portion, it expands toward the west into what was called by the Indians
Minnetonka, Sioux for ¢ Great Water”, This part of the lake is said to attain a depth of nearly 100 feet at one
point. Both the lakes which have been described have gravelly heds, very clear waters, and, with their thickly
wooded shores, present a cliarming appearance.

From its source to the southern part of Oherokee county the course of the Little Sioux lies upon the Drift. In
this distance the valley is a quarter to a half mile wide, the bed is gravelly and sandy, the banks are gravelly
and rather low, and frequently only 4 to 6 feet high, At Peterson the river is deseribed by Dr. White as passing
through a gorge not more than o quarter of a mile wide, in which it lics nearly 200 feet below the surrounding
country; yet throughout this depth there is displayed nothing but Drift, TPassing down through Cherokee county
ihe region of the Loess is reached, and the valloy widens out, The banks are 15 to 20 feet high, and both they and
the Led are composed of soft mud. The bottom-land is bordered by blufls, which continne for 8 miles into Monona
county ; but Lelow that locality the valley is merged info that of the Missouvi. About midway in Monona county
the Little Sioux i3 joined by the West fork and Maple river. At some period in the pasgt these were independent
streams, each emptying by itself into the Missouri, which then ran close to the Iowa blaffs; but tho Missonri now
Jieg 8 or 10 miles farther west, and tho Little Sionx, joined by its two tributaries, runs for & while in the old ¢hannel
of the Missouri, and then crosses the flood-plain to its present conrse.

The basin of the Little Sioux lies in the least thickly settled portion of Towa, and at present the greater part of
its course is not adjucent to any railroad. It is erossed, however, at vight angles at Oherolee and Spencer, points
in its middle and upper course, respectively; and is also erossed by the Sioux City and Pacific line at its mouth,
Cherokee, population, 1,500, and Spencer, 800, are the principal towng on its course,

Blevations on Little Sloux river.

- Tall Distanoo Trall
Loonlity. ﬁ}gyg?&:‘ botwoon | betwoen | Detwoen
| points. polnta* pointa.
. Feat, Foat. Ailes, | Foet per mile.
CROOKED T eretirarnnesmonrsnmansanne 1,143
1 .
o mOBth fewecvereierniisessaeces 1, 042 } o " 128

* Map mensuremont,
t (805 foot nbove low wator at Dubuguoe) Illineis Contral »ailrond lovols, water sucfnco,
1 (460 oot ahuve lako Michlgan) Stoux Olty and Paclfle railvond lovols, wator suefavo,

The surface drained by the Little Sioux has an arca of 4,233 square miles, It is a rolling prairie, fertile, and
well adapted to corn, wheut, and other grains, Timber iy confined to fringes along the strenms; a considerable
amount is found in the vicinity of Spirit lake, and below that the conrse of the river is bordered by a moderate
amount of cottonwood, oak, and basswood.

In an average stage the river has o current of perhaps 3 miles an hour below Cherokee; its depth in the
same stage ranges from 3 to b feet between Peterson and the mouth, while the width gradually increases from 40
teet to 60 or 70 feet. Its course is very winding, and it rans back and forth across the bottom land, approaching
first one line of bluffs and then the opposite. In its upper course the banks are not commonly submerged to a
serious extent ; as the mouth is approacherd, however, the stream becomes more sluggmh, perhaps-also more crooked,
than above, mmd is subject to o freshet rise of 16 ov 20 feet. It is not flashy, and is not much affected by ordmazy
storms ; but in spring, when the snow is melting, and during the heavy summer rains, it is liable to overflow 1ts
banks, .md in its lower course sometimes spreads out to a width of 2 or 3 miles,

Between Oberokeo county and the mouth there is alarge fall unimproved, but this portion of the river is
neither considered valuable nor utilized, on account of its heavy rises, muddy bed and banlks, and the consequent
difficulty in maintaining dams, There ave rapids in the Sioux just north of the Harrison county line, and there is
one small mill, with 4 feet head, returned as using the river for power in that county; but with this cxcoption there
is sadd to be l)ut one will bdow Correctionville, and that is a small one at Smithland, having two or three runs and
a brush dam. Above Smithland I lesrned of the following mills: Correctionville, one mill of two runs; 74 miles
below Cherokee, one mill of two runs; 6 miles below Cherokee, ono mill of one run; Cherokee, one mill of four
TS P(‘t(‘l‘bOll, one mill of two runs; Sweet’s mill, two runs; o small mill at Sioux Rapids; one of three runs at
Spenwr~ one of four runs, and one of three runs at-Okoboji outlet

The river is at its lowest stage from Decamber on through the winter, and runs highest usually in June. During
high water the mills are troubled by the set-back and consequent loss of head. Their dams were described to me
as being in many cases cheaply built of brush, and apt to be cut away, in part at least, by the river. They probably
average 100 feet in length by 6 to 8 feet in height. .
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The power at Cherokee is occupied by a fourrun flouring-mill, using about 75 horse-power, with 7 feet fall,
There is sufficient water for running at full capaeity nine mouths in the year, but the mill is shut down the
rema: ainder of the time. The dam was built in 1871, and is of crib-work, 130 feet long and 7 feet high. The pond

5 24 miles long and averages 100 feet in width and 4 feet in depth. ‘

Of the two mills on the outlet of lake Okoboji the larger carries four runs of stone, and is operated by the
Milford Water Power Improvement Company.

Of the tributaries of the Little Sioux, the West fork is not a mill stream; Maple rviver is in appearance
about one-third the size of the main river, and has several flouring- and grist-mills.

THE SOLDIER RIVER.

Rising in Ida county, Towa, this river runs southwesterly across pormons of Crawford, Monona, and IIzumson
counties, and empties into the Missouri 13 miles south of the Little Sioux. It is 60 miles loug by general course,
and drains an area of 529 square miles, long and narrow in shape, and measuring only 12 or 14 wiles across in the
broadest part, There are no important towns on the stream, and i6 is not touched by any railroad except at its
mouth, It is about two-thirds the size of the Boyer river to the south, and has a moderate current, with a bed
mainly composed of mud, but showing gravel in some places. The banks are of loam, 10 to 15 feet lngh, and are
overflowed every fow years, an extreme freshet rise of 25 feet having been noted. The river might be used for a
small power once in a few miles, but at present there are only two mills on its course ; these carry about two runs
of stone each, and are able to run at full capacity nine months in the year. During the remainder of the time
they are troubled by either a low stage or by backwater.

THE BOYER RIVER.

The Boyer river riges in Sac county, aud, following the southwesterly direction common to the streams of this
section, empties into the Missouri 10 or 12 miles north of Council Bluffs. The area drained is 80 to 90 mileg long,
12 to 15 miles wide, and containg 1,123 square miles. From its extreme source the river has a length of about
85 miles by general course. The Chicago and Northwestern railway follows the stream closely below Denison, and
along its course are a number of thriving towns, of which the most important are Denison, population about 1,400;
Logan, 600; and Missouri Valley, 1,200, Toward the headwaters the country is a flat prairie. The valleyof the
stream averages about 1§ miles in width, though in places it expands to 3 miles, and is bordered by blufls 40 to 100
feet high, No lakes are drained, and the surface of the country is not suited to storage reservoira.

In an ordinary stage the Boyer ig 50 to 60 feet wide and 2 feet deep, with a moderate current, The bed is
mostly mud, but occasionally gravel, At ouly one point does rock appear, and that is in the vieinity of Logan;
here ave a few exposures of limestone Dbelonging to the Upper Coal Measures, their only ocenrrences in Ilarvison

county, and the most northerly of the kind in fowa. The lowest stratum of this exposure is 3 to 4 foet thick, and

~ consists of a compact, light-gray limestone, with clay partings. It is well suited to building purposes, and at
several points near Logan has beer quarried and used. The river Danks are of loam, and rise 10 to 16 feet above
low water, Onecein a few years the Boyer overflows its banks, and spreads ont from biufl' to blufly the highest
rise noted in the lower river was abont 25 feet, or at least 10 feet above the general level of the banks.

The use of water-power is confined to flouring-mills, which, I was informed, are located as follows, ascending
the stream : Loveland, one mill of four runs, with timber dum ; Logan, one mill of two runs; Woodbine, one mill of
two runs, with brush dam; Dunlap, one mill of three runs. There are alse mills at Dow City, Denison, and
Magon’s Grove. These mills have, in general, a fall of 7 or § feot, and surplus power during a portion of the year;
for two or three weeks they are troubled by backwater. '

At Logan, power is used by a flouring-mill of two rons, with two wheels under a head of 8 feet, The dam was
built in 1856, and is of stone, 60 feet long, 8 feet high, and 8 féet wide at the top; it rests upon a limestone ledge,
and abuts upon rock at one end and npon a masonry wall at the other; it has no apron. The supply of water is
sufficient for running at full eapaciby eight months in the year, and two-thirds capacity the rest of the time,

1t is considered that the Boyer would furnish power for four or five .rung of stone during the greater part of
the year ; less than half the fall of the stream below Denison is now employed, and numerous sites might be found
both below and above that point, where a head of 7 or 8 feat conld be secured.

EBlgvations on Boyer river.

- . Fall Distanco Fall
Looality. ‘ﬁ"lg:,gt;gl’b‘ botween | botween | betwoen
. points. points.* points.
Teet, Fegt, Miles. - | Ft. permile,
Noar Donlsont veverernciierannvennas 1,162
“ 72 2! 8.2
Near Dunlapt 1,000 ? !
Mouth of 1iVer foeers.vrurssenenen.. 1,014 " 87 2.0
| | ]
* Map measurement. T Water surface by Chicago and Northwestern railway lovels, 1 Estimated.

308




MISSOURI RIVER BASIN. 25

THE MOSQUITO RIVER AND KEG OREEK.

These are the next tributaries of the Missouri below the Boyer river. Mosquito river is 60 miles long by
general course, and toward the mouth is 20 or 30 feet wide in an ordinary stage and 3 feet deep. The bed is muddy,
the banks are of loam, and 10 feet in height. The current is moderate in the upper course, but sluggish as the Misgouri
is approached. The banks are occasionally overflowed, and in the dry season the stream runs very low. It is nsed
for power by two flouring- and grist-millg, but has not mueh value. Keg ereek 18 a small stream of no specinl
importance, but has three flonring-mills.

THE NISHNABATONA RIVER.

This river is formed by two forks, the Bast and the West, which rise 60 to 70 miles northeast of Council Bluffs,
and, flowing southerly, unite in Fremont county. The main river is only about 30 miles long by straight course.
It formerly emptied into the Missouri near Hamburgh, in the southwesterh corner of Towa, but work done ten or
twelve years ago, in connection with the Kansas City, Saint Josoph and Couneil Bluifs railroad, changed its course,
80 that it now enters the Missouri in Atchison county, Missouri, 20 miles to the southeast of its old mouth.

The entire area drained by the Nishnabatona is 3,100 squaro miles, of which 1,146 belongs to the Bast Fork and
1,678 to the West Fork. The country is rolling and very fertile, corn, whoat, and other grains being the chief
productions. Timestone iy found, and good brick clay., Borings have been made for coal, bub it seems to lie too
deep to bo successfully worked. The old growth of timber hag been mostly cut away, but there is an abundance
of young growth, mostly soft maple and elm. The main river is 150 feet wide in an ordinary stage. There are no
mills upon its course, and it is not probably of much value for water-power, on account of slight fall and backwater
from the Missourl, If strikes into the broad bottom of the latter stream at ITamburgh, a place of about 2,000
inhabitants.

The Tast Nighnabatona is about 100 miles long by general course.  Its immediate valley is 1 to 3 miles in width,
and shows a gradual rise (o the bluffy, which reach elovations of 50 to 200 feet above the river. .A. Lranch of the
‘Ghicago, Burlington and Quiney railroad follows the stremm from ity mouth through the greater part of its course,
and it is also crossed Ly vailroads at three points in directions at right angles to its own, Red Oak and Atlantie
are the prineipal towns on the river, the former with o population of about 3,800, and the latter with 8,700. The
width of the stream in an ordinary low stage increases from 75 feet at Red Oak to 100 feet at the mouth, and the
«(epth from 3 foet to 5 or 6 feet, The only mill in Fremont county on tho lower river is o mile and a half north of
Farragut. It carries three rung of stone, and has a frame dum resting on piles, In this seotion of the river the
bed is muddy, the banks are of loam, and b to 10 feet high., There is o moderate fall, and the stream has a good
enrrent ; it is subject to an extreme freshot rise of about 8 feet, and onco in every few years overflows its banks and
spreads oub in placey from Liuff to blufl, _

Ascending the stream the next power iy in use at Ieiner’s mill, 1 mile gouth of Red Oak. The dam was built
in 1867, and is 90 feet long by 7 feet in height. It rests upon a foundation of gravel, elay, and sand, and abuts
upon a erib-work at one end and upon amass of brush and earth at tho other, The structure itself is of brash, and
gives a head of 7 feet. The pond is claimed to extend 7 miles up the river. Heiner's mill has three runs of stone,
and wheels of 60 horse-power. It can commonly be run at full capacity throughout the year, and the proprietor
“considers his privilege good, in general, for five runs of stone at the lowest stage of river,

The Tast Nishnabatona hag in this section a muddy bed, with occasional rock ledges. The banks are of loam,
and 10 to 15 feet high, Iivery few years the bottoms are extensively overflowed, and nearly every year in low places:
The extreme freshet rise is about 18 feet. There are mills at points 2 miles and 9 miles above Red Oalk, and some
others above, but only a small portion of the fall of the stream has been developed,

Blevations on Hast Nishnabatona river.

n Fall Distanco Ttall
Tocnlity. Tlil(()\xnl;l(:n DLotween | bebween | bobween
BUOVO BOM | points, | poiuts* | points.

Jeot, Feel, Milga, | Ftpormile.

Neoar Atlantlot cveeveiiirnirmriannns 1,128 % 124 W 0,95
R ONK e weerenennnranransonersrnnns 1004 |3 ;q 03 1’ o
Near Shenandoal po1 |3 ’ o "
Shenandoah § cuevereavneninsnas } 0 o 103

&t '

Nenr mouth miain vivor|. ....coeeena. 808

* Map measurement, :

+ Chiongo, Rock Xsland and acifie railway crossing,

+ Chieago, Burlington and Quiney railroad crossing,

§ Water surfnco at Wabash, Saint Lounis, and Pocifte railway erossing.

Il Water aurface at Kansas City, Satut Joseph and Couneil Bludls railway crogsing,

The West Nishnabatona is very similar to the East Fork. The bottom-land bordering it averages 2 miles in
width, and is in places 84 miles wide. To the east of Council Bluffs the river averages 75 feet across at an ordinary
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stage, with a depth of b to 8 feet. The bed is mostly mud, with occasionally gravel and rock; the banks are of
loam, and 15 to 20 feet high. This stream has a moderately swift current, and sometimes overflows its banks during
gevere freshets. Both the West and the Bast Forks are muddy streams, and especially so after heavy rains. They
have a tolerably steady flow, and are not very rapid in rise and fall. They are very crooked and sluggish in their
lower courses. High water occurs from April to June, and is followed by a decreasing volume, with low water in
August and September. There are only 3 mills on the West Fork—one in Shelby county, and two in Pottawattamie
county. A still less proportion of the fall of this stream has been developed than of the FEast Fork, the reasons
for the small use of power in this section being claimed to be a lack of demand for mills, and a scareity of capital.
The West Nishnabatona has good railroad facilities, and is followed closely by a branch of the Chicago, Burlington
and Quiney railroad. The larger towns adjacent to its course are Sidney, population about 900; Avoca, 1,600;
and Harlan, 1,300,
Blevations on West Nishnabatona river.

Tall Distance Fall
Dbetween | between | bebween

Locality. Elovation
points. | points.* | points,

abovo sed.

Fect. Foet. Miles,  |Ft. per mila,
Noar Avocst..onns weemananaanscnaren 1,108
119 it} , O
Noar LAWYSNCO ] coeeee suvesnnsnnanan 084 } 8 . 8,05
Near mouth of main river§....cveuene 808 } ¢ 86 a0 1,80

* Map measuremont,

+Chicago, Rook Island and Pooifio railwny crossing.

1 Water surface at Wabash, Saint Louis and Pacific railway oressing.

§ Water surfnco nf Kansas City, Saint Josoph and Council Biuffs railvoad orossing.

Walnut river and Silver ereek are the only important tributaries of the West Nishnabatona, and are both
employed for power by a few flouring- and grist-mills, Walnut river joins the main stream from the east about 7 miles
above its mouth. It has a muddy bed, and banks of loam, rather low in places. In an ordinary stage this stream
ig 50 feet wide, b feet deep, lias a moderately swift current, and is of fair value for small powers. '

The average rainfall over that portion of western Iowa which has been considered is not far from 8 inches in
spring, 14 in summer, 8 in autumn, and 3 in winter, making 33 inches for the year. It is rather less, however, in
the northern part of the distriet. Having been unable to find any records whatever of gaugings of the streams,
T have prepared rough estimates of their volumes, which are given in the accompanying table, and may be of some
gervice in showing their capabilities for power.

Bstimated volume and horse-power of the Western Towa tributaries of the Missourt river,

LOW WATER, ORDINATULY DRY YEAR. |  LOW WATER, AVERAGE YRAR, AVAILATLE 10 2{‘0“"1{"5 IN AVERAGH
Stronm, Dratnnge | gyyio o . Cublo m . Cubio
frem. foot per | Volume, lnﬁg:gg‘cnl feet por | Volumo, ‘lhﬁ%’;(;téf‘m feot per | Volume, '.I‘hoo)rpbicu\
wcontner eio Lot | povirt [seabdpor e iy |snseninor| oo Tk | powen
“g}}i‘&f’ P * | Fowt hond, gﬁle. P ‘| feet hond. | AIURTe  |POTACOONG foohpgad.
Floyd: Kq. miles, ‘
AL T0 MArB.eearsrnurnnsoonnscannarans 48l |iescineeruralacenscanannafonnna PR 0. 040 20 23 0,070 80 34
At montheeeseneeancaaniene “rmmabnaans 1,014 0. 020 20 23 0, 040 40 46 0.070 70 80
Littlo Sloux:
Al Sioux Rapide. e raevisiimensnvien. 1,862 0, 036 .40 4 0. 040 50 57 0, 070 05 108
Al Chorokeo.ceveienes. tesumae s 2, 075 0, 030 60 08 0. 040 80 01 0, 070 145 105
At Correotionvills comeervenavanninaaa. 2,445 0. 030 70 80 0,040 100 114 0. 070 170 104
1 7531100 1 13) FA R rernen 4,283 0. 030 180 - 148 0. 040 170 104 0,070 800 842
RV GRT: 0 () J | SR PP 626 0. 020 10 11 0,040 25 28 0. 070 40 40
MAPIo 1IVOr. amsaeciiaisaasemanaecene,s 818 ¢, 025 ' 20 23 0, 040 30 34 0.070 (3] i)
Suldier: .
At TRl 0reeK . cvnerrenrencreerenriannne L1252 IR J Y PR R 0, 060 20 23 0, 080 30 84
LN R 11101 1) 629 0,020 10 1L 0. 050 30 84 0. 080 40 40
Boyor:
At Crawlord.iveci cavecsimramnseersens 546 0, 020 10 11 0, 040 20 23 0. 060 30 34
At Logan.easeessensaa 834 0, 026 20 28 0. 040 30 84 0. 060 50 &7
At mouthe.eeeianasss y e 1,128 0. 030 30 34 0. 040 45 51 0. 060 70 80
Mosquito river . BB |uvenumermnna|cneocssnmnne|rroans [N RN N IO 0, 060 20 3
KOE OTCOK cevanennnarssvarssviovenesnnaune 324 0. 060 20 2
Nishnabatona: : : '
AL RIVOPION «vevvurariivinimaannenis 2, 824° 0. 040 110 195 0. 060 170 194 0. 080 o280 202
LS A (3151 11} s DO R 3, 100 0. 040 120 187 0. 000 180 217 0, 080 250 285
Eunst Forlc: . )
At ReAOAE. cccnvrivanennsranranncenns 400 0. 050 20 23 0, 080 30 34 0.100 40 40

At wouth........ e S 1,146° 0. 060 a0 68 0. 080 90 108 0.100 116 130
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Bstimated volume and horse-power of the Western Towa tribularies of the Missours river—Continued.

27

LOW WATIR, ORDINARILY PRY YEAR. | LOW WATER, AVERAQE YEAR, | AVAILABLE 10 ’ggﬁ"s N AVERAGE
Stream, Drafnage | o - : Cublo - Cublo
fret. foct per | Volume, “’i‘:&’;,‘;g‘_“"l faot por . | Volume, “'ﬁ%‘;gglm foot per | Volume, Th{\,or.oticnl
seconor| i fod | o 10 {secontpor | ouboodh| ekt |sssondpor| oubin o | i
Bgﬂ | ' | foet head, | BOUEY P | foot hoad. Bg}lﬁl&e porgocond. | 06,004,
West Fork: : 8q. miles.
AL NIBhDA cnveeiinionins. cansin PO 605 0. 026 15 17 0. 060 80 B4 0, 070 410 4G
Ab Hastings coiverinininnrcniinaiian, 084 0. 030 80 34 0. 050 60 o7 0. 070 70 80
At mouth,.cvvenienn.s Verrraarnansions 1,078 0. 080 &0 o7 0, 050 80 01 0. 070 120 187
TWalnnt olver .ouveounns dennuen Caree b2 L T ) anan 0. 040 10 n 0. 080 £0 23+
Silver erook..cuven. Cesbesesiubarannrasnnnt 260 |evuninacmses]oncuranrareefesnanconnane 0. 040 10 n 0. 080 20 28
Power utilized on the Western Iowa tributaries of the Missourt river.
Noof | Totnl | hose
Stroam. Trlbutary to what, Statoe, County, Kind of mill, 'n;)i.ll(;. fnll(:l é‘ed. pg“:};% ¢
. wheols,
Faeat,
FIOFA cevverrmnnnvannnssnnsnes Missourl WoodlirY covnnienernns Flour and grist..ovvenenn. 1 10 50
DO saranccvaaensannan vinarleanlflO . Plymouth...... [ 0 sraevmeeeinanae 1 12 13
Little SloUX. cuveenneeniennns [P (O FPRRPP PR FORY [ SR HOCriB00 e v e v ennensvunad Flour, grist, and sow.. 1 4 b7
T S P i1\ I PPTe Wooldlmry eeesvnnrunen FE £ P 8 22 108
B e L T [T R, wenss| Flour and gristeeee.ooan. ] 10 1dd
Do ...... vrnerennee [P PRI | { IO vremernnens (R Buenn Vistt oun.. T [ 2 17 100
T PO { SO, rasvasanes +ep 0 Clny .uaeas [T vene 3 16 184
MAaplo sersnserencnnone [ Littlo Slous.ceevvriannennnn, -0 DOMEN. avnns vnn e re veas 3 22 120
DO cvunren R B wertlo . R G 2 18 62
Bmall streams.. werllf ciiniinn .do Waoodlbury 1 8 40
DO veninnnn P i ) PP [ IO ] 23 1)
DO veenvrannn RPN 1, O el a Chorokeo . venas 1 8 1»
[V SR, RPN (1) SO Y L . Diekingon veao.. 2 80} 02
Soldier ........ . «| Migsourloe.aeaaian consflo Tarrigon.... 2 1 07
BOYOL canrnnennns PO - S, ceello s Y [ RO 1 20 05
DO weirnennns [ P PO weanllO i Crawlond oove.. RN 8 20 B4
DO cornicnarnn fairiaananns FTOY | [ I FOVTOUTRTOUIN Y I} SOOI I 1 S 3 184 il
Small sivenma ..., vewnsasar Toyer conevs covns ceumerenan RPN [ ORI [ A 110 3 1111} PP P 1 8 18
Do .eernns [ s R Y Cranwlord ..u.. varearenas 1 8 20
DLt TETES TPIRUURPIPIN B 1 5 1:1:T1111 ) PO PP R Toltawnttande. oooe.en 1 11 8
Mosquito....oooan seasamssaaas vennllO sl ....1....(10 el diiin i 2 18 a0
L N R £ vourdlO) MIE cres e vrvanevennne]inns 8 [ih] lo8
[S1THY IR JUT111 | A P L enitlo TFremont. e cenvan llll vemmvemennerannnronss 1 20 8
Joondo ., Moutgomery ...... 8 an 18
who.. CRRB cvrvnesnen @ 18 0
. R [ Audubion ..... 2 188 40
Sl SEreams . ceeie e iiiens Eost Nishnabatons ..ovvvvenfeun o . o COBB 2 19 K6
West Nishmabatoun..... vevas) NIADNABALONN. cumuer vvananaslannO .. .| Pottawattamio., 2 143 00
Do ... wenallo ., Shelby newsensne 1 8 45
Walout ., RN I .| Fromont 1 43 1654
Do ... ..o Montgomery...eeeenas . 1 10 20
Silver . o Ml veunnn.. [ 8 a3 06
18 ST | SR I SETTITS S SRR I, § 70 1) PRI Y | PSPPI 1 8 20
] T QO cnvrarrernnnvinnnn RN PPN U RO PN [/ SR reraveavaues JO O 2 8b 44
BUMMARY,
Floyd coerrinevirscnsninanss Missourle.enseveaeaann e 2 20 01
Little SIouN cuveee vivrrenanns P {1 Y 11 78 003
Tributaries cooeveieninsnenass Libtle SI0UX veorsveirarrane]e 10 1364 du4
SOIUOL cav s vamienaneenn cans Missouri...... e vmee e . 2 13 o7
BIyer ceeeveiviirniannnnanaens [ (R, [ 7 03% 204
Tributaries BOYOL. euans caas 2 16 88
East Nishnobaton. .co....... Nishnabatong. .o.. .. 7 8k 234
TrMarios coveuena.s .| Bast Nishnabatons . 2 19 86
West Nishuahatona . <! Nishnabatona. ou... . 8 22 165
Tributaries ....... 4 'West Nishnabatons .. 8 70 269
Small streams . .| Nishnabatonn.seeeee.. 8 43 70
10 vreeennnnn RTUP Missoutieee-..- e enmennas 7 82 234
Total ..... [T vaslieanssiincenvematia s i} 020 2, 205
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TRIBUTARIES OF THE MISSOURI RIVER IN NORTHERN MISSOURI.

The streams which I shall deseribe under this head extend from the Nishnabatona on the west, to the Chariton

on the east, and inelude the latter; below the Chariton the Missouri receives no tributaries of any importance
from the north, They rise in southern Iowa and run southerly into Missouri, the principal portions of their courses
lying in the latter state. The section of country which they drain is rich farming land, containg beds of coal and
Hmestone, and has a fair amount of timber, covering, perhaps, one-fourth of the surface, which is everywhere
rolling. Corn and wheat arve largely raised, and in some counties fine crops of tobacco are produced. The means
of comwunication are good; numerouns liney of railway run north and south, east and west. To the east and sowth
are the Mississippi and Missouri rivers, navigable, and constantly drawing more and more attention to their
improvement. ’
: The rivers to Le discussed are not navigable, and in only one or two cases are they mueh used for rafting,
They are employed to a considerable extent for power by flonring- and grist-mills, and answer moderately well for
such use. They are not, however, suited to purposes of general manufacturing of much importance. They are
subject to heavy overflows in the spring or early summer, while in the late summer or fall they run extremely low,
Through the more important portions of their courses they have but a slight fall and are winding and sluggish.
The beds and banks are usually muddy, and the common tendency toward a low bank on one side, while the
opposite one is of normal height, renders it often diffienlt to find a suitable location for a dam, or to provent
overflowing the banks by backwater from the mill-ponds.

THE BIG TARKIO RIVER,

This stream heads in Page and Montgomery counties, in southiwestern Towa, and, flowing southerly, passes
through Atchison and Holt counties, Missouri, and joins the Missouri river. It drains 543 square miles, and has
o length, by general counrse, of 75 or 80 miles. TFor a considerable distance above the mouth it runs through the
Missouri river hottom, and has no separate valley ; but fartber up stream it is bordered by bottom-land which
forms its own distinet valley, 1 mile to 14 miles in width, and bounded by bluffs of moderate height, In ordinary
low water the Tarkio is about 126 feet wide in its lower course, and 2 to 3 feet deep. The banks are of loam, 10 to
12 feet high. It is a muddy stream, with a moderate current when low, but flows rapidly in high water. It gets
very low in summer, and on account of its small volume and slight declivity has not much value for power.
Rising more rapidly after heavy rains than the Nodaway, which lies next east, it has o fange of perhaps 10 fees
between low and high water; occasionally it rises 2 or 3 feet above its banks and submerges the bottom-land, The
number of mills employing this stream for power and its estimated volnme will be given in subsequent tables.

Flevations on Big Tarkio river.

ol Diatanco Tall

. TLocnlity, Tovarton | g, oo | Tetwesn | botwoen
Above sen. | ot points, * | points,
Feot, Feet, Miles, tl t. permile.
Nenr Hill, ty, . 7 .
onr Snow Hill, Page county, Yowa 0790 % 108 s 5,18
. | Craig, Holt county, Missomit ....... 870

* Map measurement,
t Wutezz surface ab Wabash, Saint Louis and Pacific railway erossing.
I Water surface nt Kansns Oity, Saint Joseph and Couneil Blufls raflrond ovossing.

THE NODAWAY RIVER.

The Nodaway is formed by small streams having their sources in Cass and Adair counties, in southwestern
Towa; it runs southerly and empties into the Missouri 10 miles north of Saint Joseph. Its basin is quite narrow
in Missouri, but expands somewhat toward the headwaters in Iowa, and has an area of 1,886 square miles, TFrom
the head of the Middle Fork to the mouth of the main stream the distance by general course is 120 miles. The valley
of the stream varies.from a quarter of a mile to 3 miles in width, and is bordered by bluflis 100 to 200 feet high.
Corn is the chief production of the bottom-land, and corn and wheat of the upland. Considerable timber, mostly
cak, is found for the first 10 or 12 miles above the mouth, but not a great deal beyond. Limestone, well suited to
huilding, ocours along the course of the river, also an mfmor quality of brick clay; no coal is obtained near the
mouth, and but little above.

The river bed is fine mud, and the banks are of loam, 10 to 12 feet high; rock is seldom found, except on one
side, where a Dluff has been cut into by the current. '_[‘here is no navigation, no rafting, and the ouly use, in fact,
to which the stream is put is to furnish power to flouring- and grist-mills, of Which there are quite a large number,

leaving but a small amount of fall unutilized below Villisca. It is said that the mills on the lower river can
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commonly run at full capacity throughout the year, though in the dry season the river is very low and they do
not probably have much surplus power. The lowest mill has baclowater from the Missouri when the latter is high,
The streams of northwestern Missouri are claimed to have much deteriorated since the settlement of the country;
they formerly ran with full banks, but the cutting away of the timber and the cultivation of the soil have sensibly
lessened their low-water volumes ; gprings have diminished and the soil has‘wnshed in and filled up their beds.

Tlevations on Nodaway »iver,

lov Tall Distanco Tall
Locality. ﬁ}g}g?&? Dotwoen. | betweon | bobwoon
"1 points, polute.* points,
Feot, Feot, Aliles. | Ft permile,
Nonr VIIHBon T covvenennnen PYPPRRN 1,001 a7 2 2.8
Noear Claxomontf ..oveevueens . 014 N
Nearmouth§ ceveenn.. tavramrenaranas 841 i 8 Lot
Cow Map moasuromont. tChiengo, Burlington and Quiney railvond crossing,

1 Water aurface at Wabash, Saint Louls and Pacifle xailway orossing,
§ Water surfnco at Kanaas Clby, Satnt Joseph and Council Blufty xailway orossing,

THE PLATTE RIVER OF i\"IISSOURL

Formed by small streams rising in Union and Adams counties, in southwestern Towa, the Platte enters
Nodaway county, Missouri, and keeping a southerly direction emptics into the Missouri river in southern Platte
county. Ifrom its extremoe source it has a length, by general cowrse, of 140 miles, and draing an area of 2,487
square miles, Its prineipal tributary is Ono Mundred and Two river, which joins it 6 miles east of Saint Joseph,
This section has fine railroad facilities ; several important lines cross the river at various points, and a branch of
the Chicago, Burlington and Quiney railroad follows a considerable portion of the course of One ITundred and Two
river, The more important towns are, on Dlatte river, Platte City, population about 700; on One Hundred and
Two river, Savannah, population, 1,200; Maryville, 3,600; XIoplking, 000; and Bedford, 1,800,

The valley of the Platte is very fertile, corn being the chief production of the bottom-land, and corn and wheat
of the upland. There was formerly a heavy growth of timber, comprising white oal, buar oalk, ash, hickory, maple,
and locust, but it has been largely cut away within the past few years on the lower river; in Andrew county
considerable amounts of oak, elm, and lickory still remain, In Platte county, near the mouth, inferior qualities
of brick clay and limestone for building ave found, and here and there a little coal. The river i3 muddy at nearly
all times, and in high water carries mueh drift; & good business i done in rafting logs and railroad ties down to
Platte City, and small craft arve able to ascend the stream to that point, The lower valley averages 2 miles in
width, and is flanked Dy Lluffs 200 feet high, The stream itself i, in Andrew county, 75 to 90 feet in width, in an
ordinary stage, and 34 to 4 feet deep; at Platte City it runs 150 feet wide in ordinary low water, and 3 to b foet
deep, whilo in mean high water the corresponding dimensions arve 300 feet and 15 feet. The banks are of loam,
and average 15 feet in height thronghout the lower portion of the river. Although this is the normal height, and
usually reached by one bank or the other, the opposite one is almost invariably low, from the action of the river in
cutting away its banks, shifting its channel, and building bars, and a cross-section is produced as illustrated in the

Oxdinory froshot lino.

CROSE-SKCTION OF RIVIER AND DANKS.

cut. Tho bed is muddy, as a rule, but exhibits occasional riffles over ledges of limestone rock, The river is very
crooked, and in low water has a sluggish current, which beeomes rapid as a high stage is again approached.

The Platte never runs dry, though it reaches a very low stage in September and October. It is subject to very
sudden riso and fall after heavy storms, and sometims rises several feet in a few hours, High water oceurs in May
and June, and sometimes also in the fall, The lower river is liable to an extreme freshet rise of about 25 feet? and
once in five or ten years overflows its banks, spreading out in places from bluff to bluff) and running from a wile to

" mile and a half in width.

The lowest mill on the river is at Platte City, 20 miles northwest of Kansas City. The dam was built in 1874,
and i 100 fect .in length by 7 feet in height. It is an open framed structure resting upon a bed of limestone, to.
which it is bolted down, If abuts at one end upon a log crib-work filled with stone, and at the other end upon the
timber wall of the race; it is not provided with an apron. The pond extends 3 miles up the river, The mill carries

three runs of stone, and has wheels of about 70 horse-power, working under a head of 7 feet. There is sufficient
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water for running at full capacity eight months in the year, but the mill is stopped for two months by backwater, and
for another period of two months can only run at about one-third capacity on account of low water, The old mouth
of the Platte was farther down the Missouri than the present one, bub the latter stream cut into its course and gave ;
it o new outlet. Sinee that occurrence there has been b feet more dead.water at Platte City than before, and the !
mill at that point has suffered accordingly.

———E—
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subsequent table. Tho dams are said to be usually brush or framed structures, and to give a fall, in genexal, of
about 8 feet. A large proportion of the fall of the Tlatte and One Hundred and Two rivers remains unimproved,
~ mainly from a lack of demand for power.

One Hundred and Two river rans parallel to the main stream, and much of the way is distant but a few miles '
from ib to the west. In an ordinary stage of water it is 80 to 90 feet wide in Andrew county, and 3 or 4 feet deep,
Tt is bordered Ly considerable timber, bus is not used for rafting. The bed is generally mud, but once in 3 miles,
on an average, there is a riffle with rock bottom. The banks are of loam, and are abont 156 feet in height above
low water. 'The volumo holds out better in the dry season than in the case of the main stream, still the river runs
very low for six weeks or two months in late summer and fall. There is only 2 moderate current during a low stage,
but in high water the stream is quite swift; once in several years it overflows the banks and runs 18 feet deep, It
iy considered to have fair value for power, and mills are located at the following points as you aseend the river:
Avenue City, one mill of three runs; Phillipg’ mill, east of Savannah, two runs; Rosendale, one mill of three
runs; Barnard, one mill of three runs; near Arkoe, one mill of two runs; Bedford, Towa, one mill, There are
probably one or two others notincluded in this list. The dams are said to De usually brush or framed structures,
giving a fall of about 8 feet. The brush dams are built in the common manner—a layer of trees on the river bed,
with successive layers of brush and stone above.

B

SKETCH SHOWING CUT-QFI. i

v . :

Thero is only one other improved power on this river in Platte county, and that is occupied Ly the Union Mills, i
carrying two or three runs and having a frame dam filled with stone, resting upon a rock ledge, Fartherup stream i
there are 1mills at frequent intervals, but I did not learn their exact locations; they will be given by counties in a i
i

Blevations on Platte and One Hundred and Thoo rivers.

Mo Fall Distaneo Fall
Locality. l{i}“,}{‘t‘i ""‘} between | botween | hetween
OVO B | hoidts. | pointsX | points,
Platto river. ] Feet, Feet, Miles. | XL permile.
Near Concoptiont.eeeioeeareiaanns. 1,076 } a0 6 4,94
Noar Fragior) .ooveevecnaanns 807 o
NOar MOUENT caane vavrrcrorosnnnanes 705 § e o 0.91
One Hundred and Two river.

Near Hopkingf covevenreninscaiaans 1,048 } 145 95 414
Near Rosendalod w0 |y .

M 3 ] O
Wear mouth Plattet..oooceuoeiannn, 75h 1S 148 04 187

*Map measurenient,
+Walor surfaco at Wabash, Saint Touis and Tacifio railway crossing.
1 Wator surface at Kansns Gity, Saint Joseph and Council Bluffs railroad erossing.
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THE GRAND RIVER.

.

The Grand river is formed by a number of small streams which rise in the southweslern counties of Towa, 30 to
50 miles above the state line. Ilowing sontherly inte Missourd, they finally combine into two principal forks—
the Bast and the West—whieh themselves unite near Chillicothe, in Livingston county; the main river then takes
a southeasterly course for 35 miles to the Missouri river, which it joing at’ Brungwick, on the western border of
Chariton county. Trom the source of the West Fork, in Union county, Iowa, to the mouth of the main stream, the
distance by general course is 140 miles. The total arca drained by Grand river is 7,932 square miles. The surfaco
is a rolling prairie, well timbered along the streams with cottonwood, elm, hickory, and walnut. Limestone exists
plentifully in the blufls, and sandstone crops out in at least one locality, The country is quite well settled, and has
good railroad communications. The Wabash, Saint Louis and Pacifie railway strikes the West Fork in Gentry
county, and continues down the valley and to the mouth of the main river; some of the other tributaries are
similarly followed by different lines. The more important places on the streams arc: on the Grand, Brunswick,
population, 1,800, and Chillicothe, 4,100; on the West Fork, Gallatin, 1,100, and Albany, 1,000; on the Bast Fork,
Trenton, 3,300; and Princeton, 1,200; on Locust river, Linneus, 900,

Both the Fast and the West Torks are in their lower courses bordered Dy rieh farming land, hut the “first
bottom” is injured for agricultural purposes by its liability to overflows, which oceur nearly every year and sometimes
geveral times in a single year. The valley of the East Tlork is rather broader than that of the other, and averages
1 to 2 miles in width, Both rivers havo beds principally composed of mud, sand, and gravel; and contain very few
rock ledges. Their banks are of alluvial soil, and average 20 feet in height above low water, being usually high
on one side and low on the opposite. The country drained is very deflcient in springs, and the streams have,
therefore, to depend chiefly upon surface drainage to maintain their flow. The Iast and West Forks are very
sluggish in their lower portions, and very fow riffles are to bo scen; levels have been run along the former near
Chillicothe, revealing a fall of about 6 inches to themile, This stream averages a little more than 100 feet in width
near its mouth, and for four or five months in the year is 2 to 3 feet deep on the riffles; it has avery erooked course,
The West Ilork is straighter and also somewhat wider, averaging 160 feet across.

Ascending from the Missouri, the first power in use is at Grahan’s mill, on the Xast Fork., The dam is in part
framed and in part built of logs, and is filled in with loose stone ; it rests upon rock for a portion of the distance
across the river, and has abutments of crib-work filled with stone. The length of the structure is 112 feet, its
height 8 feet, and its cost was about $1,000. The river bed is protected from scour by an apron of hewn timber,
extending under the entire dam and projecting 10 feet bolow it down stream, Graham’s mill éan Lo run at fuil
capacity eight months in the year, but for two months it is stopped by backwater, sometimes for six weeks at a
single streteh, and for an additional period of two months low water prevents running at more than about one-half
capacity. Three runs of stone are carried, power being furnished by three water-wheels of 12 horse-power each.

There are no mills below Chillicothe, though there i said to be a fine unimproved site at Bedford, a little
place some 25 miles above the mouth of the viver, and Leyond the reach of backwator from the Missouri, Above
Chillicothe there are flouring- and grist-mills ab frequent intervals on both forks, although a large part of the fall
of cach still remains undeveloped, The dams on these streams are usually brush or framed, rest upon mud or
gravel beds, and yield heads of 7 or 8 feet. The Drugh doms are constructed of brush and saplings laid with the
stream, cross-logs for binders, and stone filling; they stand well and give very good satisfaction. The mills on
the Tast I'ork are stated to have their principal trouble from backwater; those on the West Fork have less
difficulty from that source, but are tronbled to a greater extent by a scarcity of water in the dry season,

Flevations on Grand viver.

Talt Dintanco Tall
between | Dbotwoen | botwoemm
points, points.* points,

Tlavation

Tocndity. hOvo s

West Fork and main river,

Feel, Feet ) AMiles. | Ft permile.
Near Gontryvillot vevuvenvaeannnes 810 } 186 - L7
Month Weldon riverf .. 080 . 52 o.87
Mouth Grand 1ivert «.vvevennerenes . G35 } 44 .
Tagt Fork,
Tour miles east of Afton, Town §..... 1, 006 } g9 145 2.99
Noar Chillicothot. e ven.n foeaannes 683

* Map measurement. ‘

t Wator surface at Wabaah, Saint Louis and Paeifio rafilway erossing,

1 Eatimated,

§ (500 foeb above low wator at Burlington) Chicago, Burlington and Quincy railway levols.
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THE CHARITON RIVER.

This stream hasits sources in Clarke and Wayne counties, in southern Towa, about 20 miles north of the Missouri
boundary. Intering the latter state it runs southerly, and empties into the Missouri river at the southern extremity
of Chariton county. It is150 miles Jong by general course, and drains 2,900 square miles. 1t is crossed at frequent
intervals by important east-and-west railway lines, and a division of the Wabash, Saint Louis and Pacific road
follows up its eastern water-shed, distant most of the way less than 10 miles from the river. Chariton, near the
headwaters, is the only important place directly upon the river; but below that point are Centerville, in Appanoose
county, Iowa, having a population of 2,500, and distant 5 miles from the river to the west; Kirksville, Adair county,
Missouri, 2,300 inhabitants, and lying 5 miles east of the river; Keytesville, 12 miles from the mouth, and distant
but 1 mile from the river’s course.

Hlevations on Chariton river.

Tall Distance Tall
Blovation betweon | botween | Dbetween
Loeality. above st | “yointe, | points.* | points,
Feet. Fact. Miles, | Ftpermile.
Chariton, Towat yaevenianeanncen, . 1, 030 } T et 105 2. 68
Wosh of Kirkgville, Missourit...... . 740
Noar Kaybosvillof .overr veeeesenenn o |8 8 1.61

* Mnp moasurement,
{5625 foot above low water ab Burlington) Chicago, Burlington and Quiney railroad levels.
{ Water surface nb 'Wabash, Saint Louls and Preific rallway orossing.

In its lower course the valley of the Chariton averages 3 miles in width, m1c1 is well timbered with wator-oak,
burr-oak, hickory, maple, and birch. The river itself is 125 feet wide, and is a sluggish stream, with only ocmsmnal
riffles; mo rafting is done, and the channel is much choked with permanent accumulations of drift, called “rack-
heaps?, The bed is very muddy, and the banks are of alluvial soil, ranging from 10 to 20 feet in height above
low water. Where the stream has cut into a bluff the bed is rocky on that side. A. good quality of coal is found
in the bluffs, and 9 miles above (Glasgow (near the mouth) it crops out for 180 yards, and ig 20 inches thick,

The flow of the stream is said to old out very well in the dry season, Heavy freshets oceur, as usual with the
streams in this section, and the bottoms are occasionally overflowed. There are some small gaw- and grist-mills on
the minor tributaries, and two or three on the main river, but the latter is practically unused. The saw-mills
are generally run by steam, A gentleman at Keytesville, familiar with the portion of the river in Chariton county,
stated that in the dry season it would carry a three-run mill, but without affording much surplus power; he also
soid there were five available mill-sites in that connty on the stumm.

Regarding the npper portions of the Chariton and Grand rivers Dr. White says, in the Geology of Towa:

Both rivers rise and run for the first 25 or 30 miles of their courses upon the Drift deposit alone, The firab strata that nre exposed by
the despening valloys of both these streams belong to the Upper Coal Measures, and they both continne upon the spme formation nutil
they make thelr exit from the state, near the boundary of which they have passed nearly or quite through the whole thicknoss of that
formation down to the top of the Middle Conl Measures. Therefore, as might be expected, both these strenms are very similar in thoir
genoral characters so far as their Towa portions are concerned. Their valleys are usually pretty woll defined; but sometimes tho
surrounding high land slopes for & mile or more gently toward the stream. They gradually deepen from their uppor portions downward,
80 that within 15 or 20 miles they have renched a depth of nearly 150 foet bolow tho general lovel of the adjacent high land, which depth

thoy retain with litle inereassuntil they pass heyond the limits of the state, because the general slope of tho country is nearly conourrent
with the slope of tho streams.
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.

Tstimated volume and Lorse-power of the Novthern Missouri tributaries of the Missouri river.

LOW WAITR, ORDINARILY DRY YEAR}  LOW WATER, AVERAGE YZAR, | AVATLATLE 10 ;;ﬁﬂ?“s IN AVERAGH
Stronm, Drafnage | g0 m Cubio Cubis
aren. feotpor | Volumo, lhﬁg’;‘:‘t}‘c"’l footpor | Velume, 'l‘h?()r‘etlcul feet por | Volume, Thooratical
socond por | oubio ‘f(mti p()wm'(, 10 | Bocond por | oubio ‘mo% 10;3:3:?.10 socond por | oubio fook ‘]’l‘?luialo
ﬂ;]]]\ilil&ﬂ por socondds) g1 vadd, a]r{‘l;i\(:.u pov goconds| o meiq. s;l‘:mo per second. oot head,
, Big Tarkio: _ 8q. miles. !
a ‘Weost of Homor....... teasuvsarsnennn 410 0,026 10 11 0, 040 15 17 0,0%0 30 34
! % 3 1100111 | VR 543 0. 026 16 m i 0, 040 20 2 0,070 40 40
Nodaway:
At Hepburn «uee.n vevarsanace PO 756 0, 025 20 23 0. 040 80 84 0. 070 60 57
At Quitman 1,400 0. 0256 40 40 0. 040 00 68 0,070 100 114.
At moutheciicncrineiiaienenrarinanes 1, 886 0,026 50 67 0. 008 70 80 0. 070 180 148
Platte:
At Conooption..seve cenrncnrenasnas o 6oL 0. 030 15 by 0. 080 16 17 0, 060 a0 a4
Above Ono Hundred and Tywo river.. 707 0.025 20 23 0. 080 20 28 0. 060 40 46
Atmonth..canees wesesmansmbstennansn 2,487 0,015 40 40 0,020 ] [ 0. 040 100 114
Ono Hundrod and Two river: .
At Maryvillo covvoen.. . easeene 617 0, 030 16 11 0,030 16 17 0, 0680 30 34
%3 (1110112 O R 184 0,020 20 23 0,030 ' 26 28 0. 060 46 51
Grand: R . ;
At ChillHeotho seceueninveviciiivsnnrs 4,036 0.016 76 86 0,020 100 114 0. 040 200 227
X R ) O N weamne 7,032 0,016 120 : 100 0.018 140 100 0,035 280 818
West Fork:
At Albany....... 406 |vernenineensfienaneveenaafeanns v 0,020 10 11 0.050 20 28
At Gallatin . 2, 241 0. 015 a0 84 0.020 4b il 0. 045 100 114
AR5 1) 101117 | O . 2,078 0,016 40 46 0, 020 b0 67 0, 046 + 120 180
Big viver, at Elm Flab vaeiees aveesrananas 1303 N (RN cmenvarennmalenrnrnanineefeinaeas P PO [ . 0, 030 10 11
Thompson's fork, sbovo Woldon river ... 1,166 0,018 20 pA] 0, 0% 20 2% 0, 046 60 a7
Waeldon river, sbove Thompson's fork ... 507 0. 016 10 11 0. 020 10 11 0,040 26 28
Total, Enat Fork: '
At Lrenton ceseeninncsnaerasesns veans 1,752 0, 016 80 L 0, 020 86 | 40 0. 040 70 RO
I At Chillicothe .. - 2, 267 0. 016 86 40 0. 020 4b 61 0, 045 100 114
: MoMOI0 X0 u v ee vnnnnenensnneen WY I IO RS AU SUUPS! IOTTRRUTON TR veesfineneneneens| 0,080 10 1
H Locust 080K ceeven vanasuservavensnansans (11 R P ) P s N ST N PP T rreenny 0, 080 20 23
Tollow Te0K cavenrinearacnsannannun oo 000 [ereenneumanc|invmananens B P T P P 0,080 20 2
! Clhariton : :
Enst of Centervillo . 086 0. 030 20 2 0. 040 80 84 0, 080 [ 1%}
- West of Kirkavillo coreveremecasnnass 1, 804 0,090 |- 80 i 0, 026 35 40 0, 06D 75 80
At Tlannlbal and Saing Joseph rail- 1, 084 0, 020 80 34 0, 026 40 40 0, 036 00 103
roud crossing. .
At month, ... Sunssasasnmensssoeenss 2,000 0, 020 60 08 0, 025 70 80 0, 055 160 82

The rainfall appears to vary considerably in its distribution among the different seasons, over the country drained
Dy these rivers, but, for the section as a whole, may be regarded as approximately 8 inches in spring, 12 in sommer, 8
in autumn, and 5 in winter, giving a total of 33 inches for the year. The average winter temperature for the same
district is abont 280 Fahrenheit.

Dower utilized on the Northern Missouri tribuiarics of the Missouri viver.

‘ Total
Strenm. Tributary to what. Btato, County, Kind of mill, ﬁ‘;n“il};:}‘ T%t:g f.nll 1)1,1“:.’;;‘."‘,f
' wheols,
y .
1 Fest,
i Big Tarkioeeesvevesevacasnes Missorrl..civivenniansenaen. Missouri. ... Flour and grist.ccooc.ens . 3 15 00
East Tarkio .. Big Torkiowaeesvennsenusns[iaaslO connas JORY 1. JPPURRN P 1 1 22
RS PR [ P YOWhesaeransnrenos 2 20 46
. Misgouri..... bV SEETITEE PPN I ¢ ) | PSRRI PP PPN 1 14 10
Nodaway ..... hrerevieaasiens PN (| JOON wresevenn PR IR [ SR 1S R (L I 1 8 20
DO vnrienneraennaniens varellO viravrnnrnans crieneaas RN T N | Androw .. 1 6 30
veen Nodawny . 4 25 103
................................. 8 a1 82
Y 1) TP 2 24 it
1R PO 1 O w0 vrennvenoas| CREB aeneanine 1 § 20
NOAOWRY +averecsnnrcansinan Missourd «ae.. PR 1 30 20
ceeellD e S 2 1 i i
vanollO srenrconeans . 1 8 24
Middlo Nodawny..vuesearnnes veeell0 tveaiivnnannasesnminaniliaes ARUMB . eceinennnaes T U ;I T OO 3 22 80’
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Power utilized on the Northern Missouri tributaries of the Missouri river-—Continued,

Total
Stream. Tibutory to what, Stote. County. Kind of mill. ﬂ‘u::lllill)lzl.‘ T%‘:‘g ({":\11 pll)l\(‘?«g%f
. wheels,
Teet.

PIRbtO voennannanaoanas RPN I Y A CTTI TR S Y Missourf....ouno.. IS cernnr veeriaeae Flour and gristicouuu oo, 2 18 103
Do . PRRON [ Jeando .. IS I £21T4) 1F17 1 s S PO ;U S 3 23 136
Do . venitlo i -do .. Andrew . 4 374 145
To . vendo .. .o .. RPN\ {, S 1 3% 10
Do. PO [ I Ao Nodaway 1 14 "
Do. flo... . Worth... 1 [ 18
Do . -..do .| Taylor . 1 10 03
Do el Ringgrold 1 8 01

‘One Hundrod and Two river..| Platte Buchonan 2 0], 195
: 0 T PN PPN [ ADArew «ooeaennnaine, 3 ok 65
L IPRY: 1) Nodowny 3 204 %

SAIL BLLORMB . v areannnorens veedo L8 PN I 1 0. 50

Wesb Grand.oce,ievicenresonns 571511 SO NPN Livingston ..oy mveasfiaa, do e 1 8 2
T U 1 S e DAVIOBE. . eeurnvannannae|ons < 8 Moy 100
b 6 T P RIITY RN I) IR [€151120, PR P [ (1 P 3 19 76
0 T RN verllO s Worth ceeeveennn sunans o 2 14 40

Small sbroamB . evviinireevan TWost Grand coeeee vnvenases P PRI 1) SR, Veenesuny PO [ S P, 1 10 80

Bast Grand...c.oieeenaanaan. Grand ..ocovviiii i Livingston il i, 8 23 o
5 7 S RPN W [P «| Grundy.. o [ b 1y 40

Thompson's fork..... srenenee| st Grand . ooeav oo, | Ilaradson. RN 1 2 14 150
7 PN O Y .| Deoatur ... Y1 1S R ternsrenanenas 8 na 05
5 ) R L I teeenasanase nes . Unlon ..... L O 1 o 10

TWOLAOML ~crnmneannnniansancens Thompson’s f1Teenenssenan. .| Meroer ... Ao cviiian, Seennaans 2 15¢ ™M
Do eeveaiennns cremmaravs I N ... Docatur ... 1 b 10

MelloInn cavane s viainsnaninen | GEAIN eeririnnarernnrrnnens .| Livingston .. 1 8 14
T0 viaiiiecanianciaavenias JRY | U Y Grondy...... 2 17% 30

BT - T [ PN Tinneeeeeninnnne, H 28 020
Do eviriimmniinaniian [ Y ; [, S eus Sullivan 8 2% 80

Hmall 8treams o ooieivenne. S e M Caldwell . 2 16 15
Do .. B ES N R, Corroll.ceenenivnernnnnn 2 20 o

Chariton . o Missouriiiis it ]eeae o Macon .eaiannnneiiaa Flour, grist, and lumber... 1 ] 6l
Do ... . B P T A TOWR. cevennnvneses]| APPATIOOSO oovnvecianan Flour and grist vocaennnn. 1 10 87

Muassel fork .. Chariton, Missontd. .o Charlbon. .ovvncaveiren]snnelld coveienncanienannens ] 18 60
Do ... cenido .. [T T N Flour, grist, and lumber. .. 1 7 &7
Do e N, R 1 Macon....... [ SOW cieniiiinainn PYPTN 1 0 10

Snnll stroams vevecencncennasdfooudo .. PO [\ IR Chartton «oeveeeeauean.. PR, S, ceenaana 1 0 25
T voesll0 cornnnien R R Randolph...... wenellO it e 1 ] 28
DO ceeiriineinn i a e | Missound..... S 1 Holbeeseeen o Flour and gris ....... . 1 80 1
10 teinervmamnnennmarnsane|oaneld sanevarenans SO T TINLED venenanns I avabennas g 003 38
L R RN ;| S RURPRN It Y 1 SN Carroll......... eerll0 cemnie vhennsannnnnes 2 12 45
DO vuennen fecemnrame rmanny RN ) S, errananne PR [: S, BoONo vauesnss cave bamuns i 1 Y trenncennrrrens 8 78 78

BUMMARY,

Big Tarlio cemsvensennne senans Missourl..oucvvnaienernecnes| MiBHOUL 2 s aane. Flour and grist 2 15 00

Tributnries ...... o BigTarkio. . coeiianeeannnn..| Missouriand Towa. o .. 8 81 07

Little Tarkio. .| Miggouri..oiiinenen S Missourt.eeesenne. wuadlo 1 14 10

Nodaway.... rarello i ca e s Missounriand Town, PO 1 B 13 03 309

Tributaries .... o NOQRWAY veovmranasmnnnnnnes . (1} .do [} 60 140

PINEED veonnraccaenvvann o Miggonri. e v e iecanranaanl. ...do Flourand grist(l saw-mill). 14 1m 530

One Hundred and Two. . I R 7 R, Missouri.. Flour and griat coeeuw.sn.. 8 L3 ja

Small streams..c.e.. ... PP (\ I ...do 1 9 ]

Wost Grand..oooavnennnaaa,. Grond........ Y (1} 0 02 240

Small atroams. cer.eeenn..n.. West Grand... ..o 1 10 30

Tonst Grandeeee e vnmeas vannn Grand ....eeneenns ven 0 it 5 a8 135

Thompson's forl. caranaannnn. Toast Grand ........ .| Missouriand Yowa.|. (1] 45 256

T WOlAON cie e Thompson's fork ...,....... 3 204 110

Modieino coewcsreeiinenenrnes GIANL 4 oneeiieiinenennnnn, 3 254 60

LOOUSE vaeannannnn.. vaeeieenne P R PR R, 6 3 170

Small stronms...vceeeeean.... B P PO [ (VI 4 36 67

Chariton .ocoevniieninnann.. .. MisSouri..ersineua. PO Missouariand Town.|, R 1 U, eeaeens 9 16 88

Muassel fork... .| Chartton..c..ouvu.. PO Missonrtseoyeeennn venrenarenncnanssnnenennss| Flour, grist, and S0 .o.... 4 ad hii

Small strenms.........coeu... B ceenlld eaan e ereigreeeereerrarans a 18 50
DO cer